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Resin composition for biodegradable agricultural films with enhanced weather- 



ability 



5 Industrial Field of The Invention 

The present invention relates to a biodegradable resin composition and films and 
sheets made thereof with improved heat resistance and weather resistance when used 
as final products in outdoor applications while maintaining excellent biodegradability 
10 and compostability. The products are used in the fields of agriculture, packaging and 
civil engineering such as a mulch film, polytunnel, greenhouse, masking film, river- 
bed sheet, stretch film for pallets, and silage film. 

Description of the Related Art 

15 

Biodegradable aliphatic polyester resins of the poly(hydroxya!kanoate) type such as 
poly(hydroxybutyrate) are known for a long time but have the drawback of poor 
flexibility and transparency (WO-A 9407940, WO-A 9923161). Also well known is 
polylactide with good transparency but poor flexibility (JP-A 07206773). Aromatic- 

20 aliphatic copolyesters (WO-A 9615173, WO-A 9615174, WO-A 9615175, WO- 
A 9615176) and aliphatic copolyester resins of the poly(alkylenedialkanoate) type 
(EP-A 569153) also have the drawback of poor transparency. Blends and compounds 
based on starch and polyester resins are well known in the art as biodegradable resins 
(WO-A 201743, WO-A 9631561) but have the drawback of poor transparency and 

25 poor resistance against water and changes of humidity. Polyesteramides are also 
known (EP-A 641 817) as versatile materials appropriate for manufacturing flexible, 
transparent and water resistant films but are still poor in weatherability. 

One of the methods for preventing weeds from budding without spraying any herbi- 
30 cides as well as saving the labor of manually removing the weeds is to cover the rice 
field with a mulch film. Besides biodegradable films based on starch-containing ma- 
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terials with the drawback of missing water resistance a multi-sheet of paper also has 
been used. While the multi-sheet of paper also requires no withdrawal or disposal 
after use since it is biodegradable by leaving it alone after completing cultivation, 
thick layers have to be applied in order to maintain enough tear resistance even in 
5 wet conditions. Another drawback of paper mulch is the poor flexibility which makes 
it hard to apply. No agricultural films simultaneously satisfying biodegradability, 
flexibility, tensile strength, extension and tear strength, transparency, cloud preven- 
tive property, durability, heat and water resistance have been reported yet. 

10 Problems to be Solved by the Invention 

Accordingly, the object of the present invention is to provide a composition for 
manufacturing films and sheets having adjustable biodegradability, satisfactory 
flexibility, tensile strength, extension and tear strength, transparency, cloud preven- 
15 tive property, durability, heat and water resistance by taking advantage of specified 
biodegradable resins and combinations thereof. 

Means for Solving the Problems 

20 The present invention provides a biodegradable resin composition comprising at least 
one stabilizing additive selected from the groups of antioxidants (a), of radical scav- 
enging light stabilizers (b), UV and visible light absorbing compounds (c), and 
quenchers of photochemical excited states (d). The biodegradable resin composition 
stabilized with at least one of the aforementioned stabilizing compounds provides a 

25 set of materials that can be easily processed to manifold mono- and multilayer film 
and sheet applications while providing a markable weatherability as well as an en- 
hancement of durability in outdoor applications. For adopting the material to specific 
applications, e.g. transparent greenhouse films, additional additives like anti-clouding 
agents (e) and anti-fogging agents (f) may be used as well as other additives im- 

30 proving processability and handling properties of the films and sheets. 
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The biodegradable resin comprises at least one biodegradable polymer selected from 
the group consisting of aliphatic (co)polyesters, aromatic-aliphatic (co)polyesters, 
aliphatic polycarbonates, aromatic-aliphatic polycarbonates, aliphatic polyester-ure- 
thanes, partly aromatic polyester-urethanes, aliphatic polyesteramides, aliphatic-aro- 
5 matic polyesteramides, polyetheresteramides, polysaccharide esters, polysaccharide 
ether esters such as cellulose or starch derivatives or copolymers and/or mixtures 
thereof. 

The following polymers are preferably suitable: 

10 

Aliphatic or partly aromatic polyesters from 



A) aliphatic Afunctional alcohols, preferably linear C 2 to C 10 -dialcohols, such 
as, for example, ethanediol, butanediol or hexanediol, particularly preferably 

IS butanediol, and/or optionally cycloaliphatic bifunctional alcohols, preferably 

having 5 or 6 C atoms in the cycloaliphatic ring, such as, for example, cyclo- 
hexanedimethanol, and/or instead of some or all of the diols, monomelic or 
oligomeric polyols based on ethylene glycol, propylene glycol or tetrahydro- 
furan or copolymers thereof having molecular weights of up to 8,000, pref- 

20 erably up to 4,000, and/or optionally small amounts of branched bifunctional 

alcohols, preferably C3-Ci2-alkyldiols, such as, for example, neopentylglycol, 
and additionally optionally small amounts of alcohols of higher functionality, 
such as, for example, 1,2,3-propanetriol or trimethylolpropane, and from ali- 
phatic bifunctional acids, preferably C 2 -C 12 -alkyldicarboxylic acids, such as, 

25 for example and preferably, succinic acid or adipic acid, and/or optionally 

aromatic bifunctional acids, such as, for example, terephthalic acid, iso- 
phthalic acid or naphthalenedicarboxylic acid, and additionally optionally 
small amounts of higher functionality, such as, for example, trimellitic acid, 
or 



30 
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B) building blocks with acid and alcohol functional groups, preferably having 2 
to 12 C atoms in the alkyl chain, for example hydroxybutyric acid, hydroxy- 
valeric acid or lactic acid, or derivatives thereof, for example 8 caprolactone 
or dilactide, or a mixture and/or copolymer of A and B, the aromatic acids 
making up a content of nor more than 50 wt%, based on all the acids; 

Aliphatic or partly aromatic polyester-urethanes from 

C) aliphatic Afunctional alcohols, preferably linear C2 to C 10 -dialcohols, such 
as, for example, ethanediol, butanediol or hexanediol, particularly preferably 
bunaediol, and/or optionally cycloaliphatic Afunctional alcohols, preferably 
with a C5~or C<j-cycloaliphatic ring, such as, for example, cyclohexanedi- 
methanol, and/or, instead of some or all of the diols, monomeric or oligo- 
meric polyols based on ethylene glycol, propylene glycol or tetrahydrofuran 
or copolymers thereof having molecular weights of up to 4,000, preferably up 
to 1,000, and/or optionally small amounts of branched Afunctional alcohols, 
preferably C3-C 12 -alkyldiols, such as, for example, neopentylglycol, and 
additionally optionally small amounts of alcohols of higher functionality, 
preferably C 3 -Ci2-alkylpolyols, such as, for example, 1,2,3-propanetriol or 
trimethylolpropane, and from aliphatic bifunctional acids, preferably C2-C12- 
alkyldicaiboxylic acids, such as, for example and preferably, succinic acid or 
adipic acid, and/or optionally aromatic bifunctional acids, such as, for ex- 
ample, terephthalic acid, isophthalic acid or haphthalenedicarboxylic acid, 
and additionally optionally small amounts of acids of higher functionality, 
such as, for example, trimellitic acid, or 

D) building blocks with acid and alcohol functional groups, preferably having 2 
to 12 C atoms, for example hydroxybutyric acid, hydroxyvaleric acid or lactic 
acid, or derivatives thereof, for example i-caprolactone or dilactide, or a 
mixture and/or a copolymer of C and D, 
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the aromatic acids making up a content of not more than 50 wt.%, based on 
all the acids, 

E) the reaction product of C and/or D with aliphatic and/or cycloaliphatic bi- 
fiinctional isocyanates and additionally optionally isocyanates of higher func- 
tionality, having preferably 1 to 12 C atoms, or 5 to 8 C atoms in the case of 
cycloaliphatic isocyanates, e.g. tetramethylene diisocyanate, hexamethylene 
diisocyanate or isophorone diisocyanate, optionally additionally with linear 
and/or branched and/or cycloaliphatic bifiinctional alcohols and/or alcohols of 
higher functionality, preferably C3-Ci2-alkyldi or -polyols, or 5 to 8 C atoms 
in the case of cycloaliphatic alcohols, e.g. ethanediol, hexanediol, butanediol 
or cyclohexanedimethanol, and/or optionally additionally with linear and/or 
branched and/or cycloaliphatic bifiinctional amines and/or amino alcohols 
and/or amines and/or amino alcohols of higher functionality, having prefera- 
bly 2 to 12 C atoms in the alkyl chain, e.g. ethylenediamine or aminoethanol, 
and/or optionally further modified amines of alcohols, such as, for example, 
ethylenediaminoethanesulfonic acid, as the free acid or as a salt, 

the ester content C) and/or D) being at least 75 wt%, based on the sum of C), 
D)andE). 

Aliphatic or aliphatic polyester-carbonates from 

F) aliphatic bifiinctional alcohols, preferably linear C 2 to C 10 -dialcohols, such 
as, for example, ethanediol, butanediol or hexanediol, particularly preferably 
butanediol, and/or optionally cycloaliphatic bifiinctional alcohols, preferably 
having 5 to 8 C atoms in the cycloaliphatic ring, such as, for example, cyclo- 
hexanedimethanol, and/or instead of some or all of the diols, monomeric or 
oligomeric polyols based on ethylene glycol, propylene glycol or tetrahydro- 
furan or copolymers thereof having molecular weights of up to 4,000, pref- 
erably up to 1,000, and/or optionally small amounts of branched bifiinctional 
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alcohols, preferably with C 2 -Ci2- a lkyl d i car boxylic acids, such as, for ex- 
ample, neopentylglycol, and additionally optionally small amounts of alco- 
hols of higher functionality, such as, for example, 1,2,3-propanetriol or tri- 
methylolpropane, and from aliphatic Afunctional acids, such as, for example 
and preferably, succinic acid or adipic acid, and/or optionally aromatic bi- 
ftmctional acids, such as, for example, terephthalic acid, isophthalic acid or 
naphthalenecarboxylic acid, and additionally optionally small amounts of ac- 
ids of higher functionality, such as, for example, trimellitic acid, or 

G) building blocks with acid and alsohol functional groups, preferably having 2 
to 12 C atoms in the alkyl chain, for example hydroxybutyric acid, hydroxy- 
valeric acid or lactic acid, or derivatives thereof, for example i-caprolactone 
or dilactide, or a mixture and/or a copolymer of F) and G), 

the aromatic acids making up a content of not more than 50 wt%, based on 
all the acids; 

H) a carbonate content which is prepared from aromatic biftmctional phenols, 
preferably bisphenol A, and carbonate donors, for example phosgene, or a 
carbonate content which is prepared from aliphatic carbonic acid esters or de- 
rivatives thereof; such as, for example, chlorocarbonic acid esters, or aliphatic 
carboxylic acids or derivatives thereof such as, for example, salts and 
carbonate donors, for example phosgene, 

the ester content F) and/or G) being at least 70 wt.%, based on the sum of F), 
G)andH); 

Aliphatic or partly aromatic polyester-amides or polyetherester-amides from 

I) aliphatic bifunctional alcohols, preferably linear C 2 -C 10 -dialcohols, such as, 
for example, ethanediol, butanediol or hexanediol, particularly preferably 
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butanediol, and/or optionally cycloaliphatic biflinctional alcohols, preferably 
having 5 to 8 C atoms, such as, for example, cyclohexanedimethanol, and/or, 
instead of some or all of the diols, monomelic or oligomeric polyols based on 
ethylene glycol, propylene glycol or tetrahydrofuran or copolymers thereof 
having molecular weights of up to 10,000, preferably up to 8,000, particularly 
preferably up to 5,000, and/or optionally small amounts of branched bifimc- 
tional alcohols, preferably C3-Ci2-alkyldiols, such as, for example, neo- 
pentylglycol, and additionally optionally small amounts of alcohols of higher 
functionality, preferably C 3 -C 1 2-alkylpolyols, such as, for example, 1,2,3- 
propanediol or trimethylolpropane, and from aliphatic biflinctional acids, 
preferably having 2 to 12 C atoms in the alkyl chain, such as, for example and 
preferably, succinic acid or adipic acid, and/or optionally aromatic Afunc- 
tional acids, such as, for example, terephthalic acid, isophthalic acid or naph- 
thalenedicarboxylic acid, and additionally optionally small amounts of acids 
of higher functionality, such as for example, trimellitic acid, or 

K) building blocks with acid and alcohol functional groups, preferably having 2 
to 12 C atoms in the carbon chain, for example hydroxybutyric acid, 
hydroxyvaleric acid or lactic acid, or derivatives thereof, for example a-cap- 
rolactone or dilactide, 

or a mixture and/or copolymer of I) and K), the aromatic acids making up a 
content of not more than SO wt%, based on all the acids, 

L) an amide content from aliphatic and/or cycloaliphatic biflinctional and/or op- 
tionally small amounts of branched biflinctional amines, preferred compounds 
being linear aliphatic C2- to Cio-diamines, and additionally optionally small 
amounts of amines of higher functionality, and among the amines preferably 
hexamethylenediamine or isophoronediamine, and particularly preferably 
hexamethylenediamine, and from linear and/or cycloaliphatic biflinctional 
acids, preferably having 2 to 12 C atoms in the alkyl chain, or C5 or Cs-ring 



WO 00/63282 



PCT/EP00/03380 



-8- 

in the case of cycloaliphatic acids, preferably adipic acid, and/or optionally 
small amounts of branched bifimctional and/or optionally aromatic bifunc- 
tional acids, such as, for example, terephthalic acid, isophthalic acid or naph- 
thalenedicarboxylic acid or naphthalenedicarboxylic acid, and additionally 
5 optionally small amounts of acids of higher functionality, preferably having 2 

to 10C atoms, or 

M) an amide content of building blocks with acid and amine functional groups, 
preferably having 4 to 20 C atoms in the cycloaliphatic chain, preferably u- 
10 lauryllactam or &-capn>lactam, particularly preferably i-caprolactam, particu- 

larly preferably i-caprolactam, 

or a mixture of L) and M) as the amide content, the ester content I) and/or K) 
being at least 30 wt.%, based on the sum ofl), K), L) and M), and preferably 
15 the weight content of the ester structures is 30 to 70 wt% and the content of 

the amide structures is 70 to 30 wt%. 

Preferred embodiments are aliphatic (co)polyesters, aromatic-aliphatic (co)poly- 
esters, polyetheresteramides and/or aliphatic polyesteramides with the aliphatic poly- 
20 esteramides being most preferable. 

The polyesteramide resin to be used in the present invention has a mean molecular 
weight of 10,000 to 300,000, preferably 20,000 to 150,000. 

25 The antioxidant (a) is at least one selected from the group of hindered phenol based 
compounds (al) and/or phosphite and/or phosphorite ester based compounds (a2) 
and/or a sulfur containing synergists in antioxidation (a3). The light stabilizer (b) is 
at least one selected from the hindered amine based light stabilizers, preferably a 
high molecular weight oligomer or polymer compound comprising at least two re- 

30 peating units. The UV-absorber (c) is at least one selected from the group of benzo- 
phenones, benzotriazoles, benzylidene malonates, oxanilides, benzoaxazinones or 
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triazines, preferred benzophenones, benzotriazoles. The quencher (d) is selected from 
the metal organic compounds. 

The invention relates to a resin composition wherein 
5 0 - 1 ,0 preferred 0,1 to 0,8 parts by weight of c), 

0 - IX preferred 0,01-0,5 parts by weight of a) 0-1,0, preferred 0,1-0,8 parts by 
weight of 

b) and polymer add up to 1 00 parts by weight, optionally d) and f) may be added. 

10 The above selection is not limited to compounds providing only one stabilizing 
mechanism but includes compounds comprising chemically different functional 
groups each acting as stabilizers but following different mechanisms. Combinations 
of different stabilizers being selected from only one of the groups (a) to (d) may be 
applied as well as combinations across those groups. 

15 

Examples of the hindered phenol based compounds (al) to be used in the present 
invention are octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, pentadecyl-3- 
(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate, triethyleneglycol-bis[3-(3-t-butyl- 
5-methyl-4-hydroxyphenyl)propionate], l,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hy- 

20 droxyphenyl)propionate], pentaerythritol-tetrakis[3-(3,5-di-t-butyl-4-hydroxy- 
phenyl)propionate], l,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)- 
benzene, N^-hexamethylenebis(3,5-di-t-butyl^hydroxy-hydrocinnamide), 2^- 
thicHdiethylenebis[3-(3,5^i-t-butyl-4-hydioxyphenyl)propionat 6,6'-di-tert-butyl- 
2,2'-methylenedi-p-cresol, e^'-di-tert-butyM^'-diethyl^'-methylenediphenol, 3,5- 

25 di-t-butyl-4-hydroxy-benzylphosphonate diethylester, tris(3,5-di-t-butyl-4-hydroxy- 
benzyl)isocyanurate, 3,9-bis(l,l-dimethyl-2-[P-(3-t- butyl-4-hydroxy-5-methylphen- 
yl)propionyloxy]ethyl>-2,4,8,10- tetraoxaspiro-(5,5)undecane, tetrakis[methylene-3- 
(S^S-di-t-butyW-hydroxyphenyOpropy l]methane, 1 , 1 ,3-tris(2-methyl-4-hydroxy-5- 
t-butylphenyl)butane, and 4,4 , -butylidenebis(3-methyl-6-t-butylphenyl). 



30 
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Examples of the phosphite and/or phosphonite ester based compounds (a2) to be used 
in the present invention are 2,2-methylenebis[(4,6-di-t-butylphenyl)octylphosphite, 
tris(2,4-di-t-butylphenyl)phosphite, 1 , 1 ,3-tris(2-methyl-4-ditridecylphosphite-5-t- 
butylphenyl)butane, dinonylphenyl pentaerythritol diphosphite, distearyl pentaery- 
5 thritol diphosphite, bis(2,4-di-t-butylphenyl)pentaerythritol di-phosphite, bis(2,6-di-t- 
butyl-4-methylphenyl) phosphite, pentaerythritol di-phosphite, diphenyldecyl phos- 
phite, triphenyl phosphite, tris-nonylphenyl phosphite, tridecyl phosphite, tris(2-eth- 
ylhexyl)phosphite, tributyl phosphite, tris(dinonylphenyl)phosphite, trilauryl trithio- 
phosphite, trilauryl phosphite, bis(neopentylglycol)-l,4-cyclohexane dimethylphos- 

10 phite, distearyl pentaerythritol diphosphite, diisodecyl pentaerythritol diphosphite, 
tris(lauryl-2-thioethyl)phosphite, tetratridecyl- 1 ,1 ,3-tris(2'-methyl-5 -t-butyl-4*-oxy- 
phenyl)butane diphosphite, tris(4-oxy-2,5-di-t-butylphenyl)phosphite, tris(4-oxy-3,5- 
di-t-butylphenyl)phosphite, 2-ethylhexyl diphenylphosphite, tris (mixed mono- and 
di-nonylphenyl)phosphite, hydrogenated 4,4-isopropylidene diphenylpolyphosphite, 

15 diphenyl-bis[4,4-n-bu^ diphos- 
phite, 4,4'-butyHdenebis(3-methyl-6-t-butylp^ 
bis(octylphenyl)-bis[4,4 , -n-butyUdenebis(2^butyl-5-me%lpheno 
diphosphite, phenylA^-isopropyUdenediphenol-pentaerythritol diphosphite, phenyl- 
diisodecyl phosphite, tetratridecyl-4,4'-n-butylidenebis(2-t-butyl-5-methyphe- 

20 nol)diphosphite, tris(2,4-di-t-butylphenyl)phosphite, tristearyl phosphite, octyldi- 
phenyl phosphite, diphenyltridecyl phosphite, phenyl-di(tridecyl)phosphite, tris(2- 
cyclohexylphenyl)phosphite, ditridecyl-di(2-cyclohexylphenyl) hydrogenated 
bisphenol A diphosphite, di(2,4-di-t-butylphenyl)cyclohexyl phosphite, 2,4-di-t- 
butylphenyl-diisodecyl phosphite, tris(butoxyethoxyethyl)phosphite, diphenyl acido- 

25 phosphite, bis(2-cyclohexylphenyl)acidophosphite, bis(2,4-di-t-butyl- 

phenyl)acidophosphite, bis(nonylphenyl)acidophosphite, dibenzyl acidophosphite, 
and tetrakis(2,4-di-t-butylphenyl)- 4,4'-biphenylene phosphite. 

Examples of the sulfur containing compounds (a3) are didodecyl 3,3'-thiodipropion- 
30 ate, di(tridecyl) 3,3-thiodipropionate, and dioctadecyl 3,3-thiodipropionate. 
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Examples of the radical scavenging light stabilizer (b) to be used in the present in- 
vention are poly[(6-morpholino-s-triazine-2,4-diyl)[2,2,6 > 6-tetramethyl-4- 
piperidyl)imino]-hexamethylene[(2,2 1 6,6-tetramethyl-4-piperidyl)imino]], the 
polymer of N,N*-bis(2,2,6,6-tetramethyl-4-piperidinyl-l,6-hexanediamine with mor- 
5 pholin^^^trichloro-l^fS-triazine, poly ([6-(l,1^3-tetramethylbutyl)amino-13,5- 
triazm-2,4-diylH(2>2,6,64^^ [(2,2,6,6- 
tetramethyl-piperidyl)imino]>, poly <[6-(l,l,3-trimethylpentyl)imino-l,3,5-^ 
4-diyl]-[(N-methyl-2,2,6,6-tetramefo^ 

2,2,6,6-tetramethyl-piperidyl)imino]X 2^,6,6-tetramethylpiperidinyl-4-benzoate, bis- 
1 0 (2^,6,6-tetramethyl-4-piperidinyl)sebacate, 1 ,3,8-triaza-7,7,9,9-tetramethyl-3-n-oc- 
tyl-spiro[4,5]decane-2,4-dione, l^,3,4-tetra(4-caibonyloxy-2,2,6,6-tetramethyl-pi- 
peridine)-butane, tri^4-acetoxy-2^,6,6-tetramethyl-piperidine)-ainine > 4-acetoxy- 
2,2,6,6-tetramethylpiperidine, 4-stearoylpxy-2^,6,6-tetramethylpiperidine, 4-benz- 
yloxy-2,2,6,6-tetramethylpiperidine^ 4-(phenylcaibamoyloxy}-2,2,6,6- tetramethyl- 
15 piperidine, tris(2^,6,6-tetramethyl-4-piperidine) phosphite, bis(2,2,6,6-tetramethyl- 
4-piperidyl)terephthalate, 1 3,8-triaza-7,7,9,9-tetramethyl-2,4-dioxo-spin>- 

[4,5]decane, (2^,6,6-tetramethylpiperidine)^spiro-2 , -(6 , » 6^dimethylpiperidine)-4'- 
spiro-5 H -hydantoin, bis(l ^^,6,6-pentamethyl-4-piperidyl)sebacate, 3-dodecyl-l- 
(2,2,6,6-teti^ethyl-4-piperidyi^ polmethyl8propyl-3- 
20 oxy(2^,6,6-tetramethyl-4-piperidinyl)]siloxane, the polycondensation product of 
dimethyl succinate with 4-hydroxy-2A6,6-tetramethyl-l -piperidine ethanol, 
tetrakis(2 > 2,6,6-tetramethyl-4-pyperidyl)-l ,2,3,4-butane tetracaiboxylate, and 
tetrakisO^^^e-pentamethyM-piperi^ 

25 Examples of the UV-absorbers (c) being used in the present invention are 2-hydroxy- 
4-octyloxy-benzophenone, 2-hydroxy-4-methoxy-benzophenone, the reaction prod- 
uct of methyl 3-(3-(2H-benzotriazol-2-yl)-5^ 

with PEG 300, 2-(2H-benzotriazol-2-yl)-4,6-bis(l -methyl- l-phenylethyl)phenol, 2- 
(2H-benzotriazol-2-yl)-4,6-di-t-butylphenol, 2-(5-chloro-2H-benzotriazol-2-yl)-6-t- 
30 butyl-4-methyl-phenol, 2 > 4-di4-butyl-6-(5-chloro-2H-benzotriazol-2-yl)-phenol, 2- 
(2H-benzotriazol-2-yl)-4,6-di-t-pentylphenol, 2-(2H-benzotriazol-2-yl)-4-(l,l,3,3- 
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tetramethylbutyl)phenol, 2-(2H-benzotriazol-2>yl)-4-t-butyl-6-{l-methylpropyl)- 
phenol, 2,2*-methylene-bis(6-(2H-benzotri^ 

phenol), 2-(2H-benzotriazol-2-yl)-6-dodecyl-4-methylphenyl where the dodecyl moi- 
ety is branched or linear, 2-(4,6-diphenyl-l,3,5-triazin-2-yl)-5-hexyloxy-phenol, 2- 
5 (2H-benzotriazol-2-yl>p-cresol, 2-[4,6-bis(2,4-dimethylphenyl> 1 ,3,5-triazin-2-yl]-5- 
octyloxy-phenol, 2,2*-( 1 ,4-phenylene)bis-4H-3 , 1 -Benzoxazin-4-one, N-(2-ethoxy- 
phenyl)-N , -{2-ethylphenyl)-ethanediamide > N-(2-ethoxyphenyl)-N T -(4-isodecyl- 
phenyl)-ethanediamide, and dimethyl 4-methoxybenzylidene malonate. 

10 An examples of a quencher (d) being used in the present invention is [2,2*-thio-bis(4- 
t-octylphenolato)]-n-butylamine nickel(II). 

The anti-clouding agent (e) being used in the present invention is selected from the 
groups of partial esters of a polyfiinctional alcohol or from the group of the conden- 

15 sation products of the polyfiinctional alcohol with a higher fatty acid. The cloud pre- 
ventive agents include, for example, a sorbitane based surfactant such as sorbitan 
monostearate and sorbitan monopalmitate, a glycerine based surfactant such as 
glycerine monopalmitate and diglycerine monopalmitate, and a polyethylene glycol 
based surfactant such as polyethyleneglycol monostearate, polyethylene glycol 

20 monopalmitate and polyethylene glycol alkylphenyl ether, a trimethylol propane 
based surfactant and a pentaerythritol based surfactant, and an isomer or an alkylene 
oxide addition compound thereof 

Examples of the anti-fogging agent (f) being used in the present invention and pre- 
25 venting fog from generating in the vicinity of house cover films are fiuorinated sur- 
factants or silicone based surfactants. 

Description of the Embodiments 



30 The present invention provides a biodegradable film, preferred agricultural film in 
which at least one of the additives (a) to (£) are blended into a resin composition 
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mainly composed of a biodegradable resin which is preferably an aliphatic polyester 
and/or copolyester and/or an aromatic-aliphatic copolyester and/or an aliphatic poly- 
esteramide with the aliphatic polyesteramide being the most preferred one. 

5 The biodegradable resin composition is prepared by blending relative to 100 parts by 
weight of the composition 0.03 to 1 .2 parts by weight, preferably in the range of 0.05 
to 1.0 parts by weight of an antioxidant (a), more preferably a hindered phenol based 
compound (al) and/or a phosphite and/or phosphorate ester (a2). It is not preferable 
that these ratios are smaller than the range described above, since heat stability tends 
10 to be decreased. It is also not preferable that the ratios are larger than the range de- 
scribed above, since appearance of the molded product is liable to be poor, or the 
product cost may be increased. 

The biodegradable resin composition may also comprise a hindered amine based 
1 5 light stabilizer (b) in an amount of 0.03 to 1 .0 parts by weight, preferably in the range 
of 0.05 to 0.8 parts by weight, relative to 100 parts by weight of the composition. The 
blending amounts of lower and higher than the ranges described above are not pref- 
erable, since weather resistance is decreased in the former case, and appearance of 
the product becomes poor or the production cost tend to increase in the latter case. 

20 

The biodegradable resin composition may also comprise an UV-absorber (c) prefera- 
bly a benzophenone and/or a benzotriazole in an amount of 0.01 to 1.0 parts by 
weight, preferably in the range of 0.05 to 0.5 parts by weight, relative to 100 parts by 
weight of the composition. 

25 

Other biodegradable polymer materials may be added to the formulation as described 
above in a range not inhibiting the effect of the present invention. It is also possible 
to add additives and reforming agents such as a sulfur based antioxidant (a3), a Ni 
based quencher (d), an anti-clouding agent (e), an anti-fogging agent (f), a plasticizer, 
30 filler, lubricant, reinforcing agent, inorganic heat insulator, antifungal agent, pigment 
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and fluorescent substance in order to control forming ability and other properties of 
the film and sheet 

When the composition according to the present invention is formed into a film or 
5 sheet for general purpose, preferably consisting of a monolayer, the thickness is usu- 
ally in the range of 15 to 1000 fim, preferably in the range of 20 to 500 Jim. 

In the present invention for agricultural films and sheets of improved weatherabilty 
that are preferably transparent the preferred composition of the biodegradable resin 

10 comprises a blend of a biodegradable polyesteramide, preferably an aliphatic poly- 
esteramide, and a biodegradable polyester, preferably an aliphatic polyester. It was 
found that the polyester present in these blends provided a diffusion barrier for water 
migrating into the polyesteramide phase. Thus photochemical initiation and photo- 
chemical formation of reactive species being responsible for chain scission reactions 

15 where water is actively involved in the reaction mechanism are markably retarded. 
The preferred resin composition being used for transparent agricultural films and 
sheets comprises 60 to 95 parts by weight of the polyesteramide and 5 to 40 parts by 
weight of the aliphatic polyester. 

20 The amount of the hindered amine based light stabilizer being added to this compo- 
sition is in the range of 0.03 to 1.0 parts by weight, preferably in the range of 0.05 to 
0.5 parts by weight. 

It is not preferable that the blending amount is smaller than the range described 
25 above, since weather resistance tends to decrease while, when the amount is larger, 
appearance of the molded product is compromised or the production cost may be 
increased. 

Other biodegradable polymer materials may be added to the formulation as described 
30 above in a range not inhibiting the effect of the present invention. It is also possible 
to add additives and reforming agents such as antioxidants (a), an UV-absorber (c), a 
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Ni based quencher (d), an anti-clouding agent (e), an anti-fogging agent (f), a plasti- 
cizer, filler, lubricant, reinforcing agent, inorganic heat insulator, antifungal agent, 
pigment and fluorescent substance in order to control forming ability and other 
properties of the film and sheet 

5 

The film thickness is in the range of 20 to 200 fim, preferably in the range of 40 to 
150 jim. 

For multilayer films and sheets it is preferable in the present invention to use a resin 
10 composition comprising 60 to 100 parts by weight, preferably 80 to 100 parts by 
weight of the polyesteramide resin and 0 to 40 parts by weight, preferably 0 to 20 
parts by weight of the aliphatic polyester resin. 

The ratio of the hindered phenol based antioxidant (al) and/or phosphite and/or 
15 phosphonite ester based antioxidant (a2) is in the range of 0.01 to 1.0 parts by 
weight, preferably in the range of 0.03 to 0.5 parts by weight, relative to 100 parts by 
weight of the resin composition. 

An amount of larger than 0.01 parts by weight of an antioxidant improves durability. 
20 However, a larger amount than 1 .0 parts by weight is not preferable since appearance 
of the molded product is compromised or the production cost may be increased 

Hindered amine based light stabilizers (b) are added into the composition for manu- 
facturing agricultural multilayer films of the biodegradable resin, if necessary. 

25 

The ratio of the hindered amine based light stabilizer (b) is in the range of 0.01 to 1 .0 
parts by weight, preferably in the range of 0.05 to 0.5 parts by weight relative to 100 
parts by weight of the resin composition. 



30 Examples of the inorganic fillers and/or colorants to be used in the multilayer films 
include hydrophobic inorganic fillers such as silica, talc, clay, calcium carbonate, 
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magnesium carbonate, titanium oxide and alumina; and inorganic and organic color- 
lants such as carbon black. The latter one being used for non-transparent mulching 
films only. These additives are blended in a range of 0.5 to 50 parts by weight, pref- 
erably in the range of 1 to 40 parts by weight, relative to 100 parts by weight of the 
5 resin composition. 

Other biodegradable polymer materials may be added to the formulation as described 
above in a range not inhibiting the effect of the present invention. It is also possible 
to add additives and reforming agents such as an UV-absorber (c), a Ni based 
10 quencher (d), an anti-clouding agent (e), an anti-fogging agent (f), a plasticizer, filler, 
lubricant, reinforcing agent, inorganic heat insulator, antifungal agent, pigment and 
fluorescent substance in order to control forming ability and other properties 
of the film and sheet 

15 The film thickness is in the range of 15 to 100 Jim, preferably in the range of 20 to 
50 fim in order to provide fast biodegradation. 

For utilizing the biodegradable resin compositions described above in specific appli- 
cations and meeting all requirements of agricultural polytunnel or greenhouse appli- 
20 cations, multilayer films comprising combinations of materials with each layer hav- 
ing its specific function are developed. 

The number of layers in the biodegradable multilayer film according to the present 
invention is not especially limited. The film is composed of at least two layers in the 

25 order of; for example, (A)/(B), (B)/(A)/(B), (B)/(A , )/(A)/(B) or (B)/(A*)/(A)/(A , )/(B). 
The layer (A) has characteristics such as transparency, flexibility and expansion, 
while the layer (B) contributes to improvement of water resistance. Therefore, it is 
preferable that both outer layers of the biodegradable multilayer film according to the 
present invention are composed of the layers (B), and the layers (A) and (A f ) consti- 

30 tute the intermediate layers, in order to render characteristics of the biodegradable 
multilayer film to be excellent in transparency, flexibility and water resistance. 
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In a preferred embodiment of the present invention the substrate layer (A) mainly 
composed of a polyesteramide resin, preferably an aliphatic polyester resin, is pre- 
pared by blending the polyesteramide resin in a range of 50 to 100% by weight, pref- 
5 erably in a range of 60 to 95% by weight, and a biodegradable polyester resin, pref- 
erably an aliphatic polyester resin, in a range of 0 to 50% by weight, preferably in a 
range of 5 to 45% by weight. A blending amount of the polyesteramide resin of less 
than 50% by weight is not preferable since transparency, flexibility and extension 
tend to decrease. 

10 

A surface layer (B) mainly composed of an polyester resin, preferably an aliphatic 
polyester resin, is provided on at least one face of the substrate layer (A). The blend- 
ing ratios of the aliphatic polyester resin in the surface layer (B) are in the range of 
60 to 100% by weight, preferably in the range of 75 to 100% by weight, and that of 
15 the polyesteramide resin is in the range of 0 to 40% by weight, preferably in the 
range of 0 to 25% by weight, respectively. It is not preferable that the blending ratio 
of the aliphatic polyester resin is less than 60% by weight since water resistance is 
deteriorated 

20 The thickness of the layer (A) is 50 to 90%, preferably 60 to 85%, of the overall 
thickness of the film. When the thickness of the layer (A) is less than 50%, flexibility 
and transparency becomes poor while, when the thickness exceeds 90%, water resis- 
tance of the layer tends to be poor due to reduced thickness of the layer (B). 

25 Other biodegradable polymer materials may be added to the formulation as described 
above in a range not inhibiting the effect of the present invention. It is also possible 
to add additives and reforming agents such as antioxidants (a), UV-stabilizers (b), 
UV-absorbers (c), a Ni based quencher (d), an anti-clouding agent (e), an anti-fog- 
ging agent (f), a plasticizer, filler, lubricant, reinforcing agent, inorganic heat insula- 

30 tor, antifungal agent, pigment and fluorescent substance in order to control forming 
ability and other properties of the film and sheet. 
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The thickness of the multilayer film, formed by using the compositions for respective 
layers according to the present invention, is usually in the range of 20 to 2000 (im, 
preferably in the range of 40 to 500 \im. 

5 

In order to meet the technical standards of greenhouse and polytunnel applications 
with respect to anti-clouding and anti-fogging property the biodegradable multilayer 
agricultural films according to the present invention may be composed of at least 
three layers. For example, the layer construction may be such as (A)/(B)/(Q, 

10 (A)/(C)/(B')/(C) and (A)/(B)/(B , )/(B ,, )/(C). The layer (A) has characteristics such as 
water resistance and dust preventive property, while the layers (B), (B*) and (B") 
contribute for improving transparency, duration of cloud preventive property, and 
flexibility. The layer (C) serves for maintaining and duration of some cloud preven- 
tive agent Accordingly, the completely biodegradable multilayer agricultural film 

IS according to the present invention is excellent in the characteristics such as trans- 
parency, flexibility and cloud preventive property. 

In the layer (A) mainly composed of a polyester, preferably an aliphatic polyester, 
the blending ratio of the polyester resin is in the range of 60 to 100% by weight, 
20 preferably in the range of 75 to 95% by weight, and the blending ration of a poly- 
esteramide resin, preferably an aliphatic polyesteramide resin, is 0 to 40% by weight, 
preferably 5 to 25% by weight It is not preferable that the blending ratio of the poly- 
ester resin is less than 60% by weight, since water resistance is decreased. 

25 In the layer (B) mainly composed of a polyesteramide resin, preferably an aliphatic 
polyesteramide resin, the blending ratio of the polyesteramide resin is in the range of 
50 to 100% by weight, preferably in the range of 60 to 95% by weight, and the 
blending ratio of the polyester resin is in the range of 0 to 50% by weight, preferably 
in the range of 5 to 40% by weight. One to four parts by weight of a cloud preventive 

30 agent (e) is blended relative to 100 parts by weight of the resin composition. It is not 
preferable that the blending ratio of the polyesteramide resin is less than 50% by 
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weight, since duration of cloud preventive property, transparency, flexibility and 
extension tend to be decreased. 

In the layer (C) mainly composed of a polyester, preferably an aliphatic polyester 
5 resin, the blending ratio of the polyester resin is in the range of 60 to 95% by weight, 
preferably in the range of 70 to 90% by weight, and the blending ratio of the poly- 
esteramide resin, preferably an aliphatic polyesteramide resin, is in the range of 5 to 
40% by weight, preferably in the range of 10 to 30% by weight according to the pre- 
sent invention. Into 100 parts by weight of the resin composition, 0.1 to 2 parts by 
10 weight of the cloud preventive agent (e) is blended. It is not preferable that the 
blending ratio of the polyester resin is less than 60% by weight, since water resis- 
tance becomes poor. 

At least 5% by weight of the sub-component resins are blended to the principal com- 
15 ponent resin in at least one of the layer (A) or layer (B). It is not preferable that the 
blending ratio is smaller than the ratio described above, since adhesive property be- 
comes poor. The thickness of the layer (B) is 45 to 90%, preferably 55 to 80%, of the 
overall thickness of the film. The thickness of the layer (B) of less than 45% results 
in poor flexibility, transparency and duration of cloud preventive property. It is not 
20 preferable, on the other hand, that the thickness exceeds 90%, since water resistance 
of the biodegradable agricultural film tends to deteriorate because the thicknesses of 
the water resistant layers (A) and (C) are reduced. 

The preferable cloud preventive agent (e) to be blended in the layers (B) and (C) of 
25 the biodegradable multilayer agricultural film according to the present invention is a 
partial ester of a polyfunction^ alcohol or a condensation product of the polyfunc- 
tional alcohol with a higher fatty acid. 

A so-called fog preventive property may be provided by adding an anti-fogging agent 
30 (f) such as fluorinated surfactants and silicone based surfactant for preventing fog 
generating in the vicinity of the inner face of the house cover. 
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For maintaining good weatherability stabilizers such as a hindered phenol based 
compound (al) and/or phosphite and/or phosphonite ester based compound (a2) are 
blended in the range of 0.03 to 1.2 parts by weight, preferably in the range of 0.05 to 
0.8 parts by weight, relative to 100 parts by weight of the resin components in each 
layer. When the amount of stabilizers blended into the composition is smaller than 
the proportion described above, heat stability tends to be decreased while, when the 
amount is larger, appearance of the molded products is compromised or results in 
cost-up of the product 

Also a hindered amine based light stabilizer (b) is blended in the range of 0.03 parts 
by weight, preferably in the range of 0.05 to 0.5 parts by weight, relative to 100 parts 
by weight of the resin components in each layer. It is not preferable that the amount 
of blending is smaller than the proportion described above since weather resistance is 
deteriorated while, when the proportion is larger, appearance of the molded products 
is compromised or the production cost is increased. 

Other biodegradable polymer materials may be added to the formulation as described 
above in a range not inhibiting the effect of the present invention. It is also possible 
to add additives and reforming agents such as sulfur containing synergists in antioxi- 
dants (a3), UV-absorbers (c), a Ni based quencher (d), a plasticizer, filler, lubri- 
cant, reinforcing agent, inorganic heat insulator, antifungal agent, pigment and fluo- 
rescent substance in order to control forming ability and other properties of the film 
and sheet 

The thickness of the multilayer film, formed with the compositions in each layer ac- 
cording to the present invention, is usually in the range of 20 to 200 nm, preferably 
in the range of 40 to 150 jim. 

Also it has been found in the present invention that if inorganic particles are blended 
to the bi degradable resin composition the biodegradability of the respective films 
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and sheets can be controlled. The inorganic particles to be used in the present inven- 
tion preferably include those having hydrophobicity such as silica, talc, clay, calcium 
carbonate, calcium sulfate, magnesium carbonate, titanium oxide and alumina. 
Blending the hydrophobic inorganic particles allows permeation of water and 
5 hydrolysis of the resin at the initial stage of decomposition to be enhanced, thereby 
accelerating overall biodegradation reaction. Although the particle size is not limited, 
a larger specific surface area is preferable for enhancing collapse effects. The blend- 
ing ratio is 2.5 to 50 parts by weight, preferably 3.5 to 40 parts by weight relative to 
100 parts by weight of the resin composition. When the content of the inorganic par- 
10 tides is less than 2.5 parts by weight, degradability is not enhanced while, when the 
content is larger than 50 parts by weight, physical properties of the molded body, for 
example tensile strength, is decreased to compromise practical applicability. 

The provided film and sheet, and a molded body comprising the film or sheet having 
15 biodegradability obtained as described above can be obtained by hot molding meth- 
ods such as vacuum molding and compressed air molding, which can be used for 
manufacturing a blister processing body, and a food cup and tray. The film or sheet 
can be also used for manufacturing a box-type package by ruling for bending the 
sheet Further, the resin composition can be also used for a sheet or molded body 
20 laminated with a sheet of paper and other plastic films. 

When the composition according to the present invention is formed into a film or 
sheet, the thickness is usually in the range of 15 to 1000 pm, preferably in the range 
of20to500|im. 

25 

In a preferred embodiment of the present invention the biodegradable multilayer 
films described above are used in rice fields. Herbicides have been sprayed in rice 
cultivation for preventing weeds from budding. Since the herbicides may adversely 
affect human bodies and may be an important factor of environmental pollution, 
30 there are some rice fields where agricultural chemicals such as herbicides are not 
used at all. However, manually removing the weeds cost a person so much labor that 
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weed removing methods that can save man's labor with no effects on human bodies 
have been desired. 

The present invention further provides a method for planting young rice plants com- 
5 prising spreading the multi-film of the biodegradable resin for use in rice fields ac- 
cording to the present invention over a rice field, and planting the young rice plant by 
piercing the multi-film. 

It is preferable to use 60 to 100 parts by weight, preferably 80 to 100 parts by weight, 
10 of the polyester amide resin and 0 to 40 parts by weight, preferably 0 to 20 parts by 
weight, of the aliphatic polyester resin. 

The resin composition for this application mainly composed of a polyesteramide 
comprises additives such as a hindered phenol based compound (al) and/or a phos- 
15 phite and/or phosphorate ester based compound (a2), and an inorganic filler and/or a 
colorant 

The hindered phenol based compound (al) and/or phosphite and/or phosphorate ester 
based compound (a2) are blended in the range of 0.01 to 1.0 parts by weight, prefer- 
20 ably in the range of 0.03 to 0.5 parts by weight, relative to 1 00 parts by weight of the 
resin components. When the amount of blending is larger than 0.01 parts by weight, 
durability can be improved. However, when the amount is too large, appearance of 
the molded products is compromised or results in cost-up of the product 

25 A hindered amine based light stabilizer (b) may be blended to the multi-film of the 
biodegradable resin for use in rice fields, if necessary. The amount of the hindered 
amine based light stabilizer (b) is in the range of 0.01 to 1.0 part by weight, prefer- 
ably 0.03 to 0.5 parts by weight, relative to 100 parts by weight of the resin compo- 
nent 

30 
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Exaraple of inorganic fillers and/or colorants to be used in the present invention in- 
clude hydrophobic inorganic fillers such as silica, talc, clay, calcium carbonate, mag- 
nesium carbonate, titanium oxide and alumina, and inorganic and organic colorants 
such as carbon black. The amount of these additives is in the range of 0.5 to 50 parts 
5 by weight, preferably in the range of 1 to 40 parts by weight, relative to 100 parts by 
weight of the resin component 

The thickness of the film in this mulching application is usually in the range of IS to 
100 jun, preferably in the range of 20 to 50 jim. 

10 

Methods of preparation 

While the biodegradable resin comprising the biodegradable polymers and additives 
(a) to (f) described above may be mixed during the extrusion process, it is recom- 

15 mended to previously formulate each ingredient before forming pellets. The methods 
for formulating the resin components and various additives are not especially limited, 
but any methods that have been used for preparing conventional plastic composi- 
tions, for example heat-melting and kneading using a kneading machine such as a 
kneader, Banbury mixer and roll, a mixing machine such as ribbon blender and Hen- 

20 shel mixer, and uniaxial or biaxial extruder, may be used. 

The biodegradable films according to the present invention are manufactured, for 
example, by forming a film by a conventional extrusion-molding such as a T-die 
method or inflation method, followed by cooling with a cooling roll, water or air. 
25 Use of a calendar molding is also possible. 

Co-extrusion method is preferably used in producing the biodegradable multilayer 
film according to the present invention. Actually, the layers are melt-extruded with 
plural extruders corresponding to the lamination number to laminate the molten resin 
30 by a conventional method such as a T-die method or inflation method, followed by 
cooling with a cooling roller, water or air. 
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Biodegradable films and sheets are produced as described from the composition ac- 
cording to the present invention above, and are used for various applications. 
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Examples 

The present invention is not limited in any sense by the examples as set forth herein- 
after. Measurements and evaluations in the examples were carried out under the fol- 
lowing conditions. 

1) Weather resistance 

Weather resistance (a): 

Samples were placed in Sunshine W.O.H and the time lapse before the 
samples are broken by being degraded in the environment was measured 

Weather resistance (b): 

Samples were placed in Sunshine W.O.H by attaching an aluminum plate on 
the back face of each sample, and the time lapse before the samples are bro- 
ken by being degraded in the environment was measured 

2) Weatherometer test 

Samples were placed in a weatherometer SUN-WOM (made by Suga Test 
Machine Co. or by Gas Test Equipment Co.) and the time required for exhib- 
iting weather deterioration of the samples was measured: 
O: 300 hours or more than 
A: 1 SO hours or more and less than 300 hours 
x: less than ISO hours 

3) Biodegradability 
Preparation of test samples 

1 . Samples are cut into 6 cm square each and are weighed. The mass per 
one exposure area (4 cm square) is calculated to estimate the initial 
weight of the decomposition sample. 
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2. An aluminum plate with an appropriate thickness is cut into 6 cm 
square, and a 4 cm square plate is cut out of the central portion of the 
aluminum plate (an aluminum frame). 

5 

3. Double-adhesive tapes are attached to the aluminum frame so as to be 
able to sandwich the test sample with a pair of the aluminum frames. 

4. The mass of tow pair of aluminum frames with double-adhesive tapes 
10 are weighed. 

5. The test sample sandwiched with the aluminum frame is subjected to a 
biodegradation test 

1 S Preparation method of a compost to be used in biodegradation test 

1. A scalable vessel with an appropriate size is prepared (with a depth of 
5 cm or more). 

20 2. A commercially available compost is moisturized before use. Water is 

added to the compost not to pool in the bottom of the vessel, but so 
that water slightly seeps out of the compost by holding it with the fin- 
gers, which prescribed the standard test condition. 

25 Method of biodegradation test 

1. Biodegradation tests are carried out in the compost. The test sample is 
set at a depth about 3 cm deep from the surface of the prepared com- 
post. 



30 
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2. After setting the test sample, it is placed in a sealed oven heated at 
58°C to start the biodegradation test. 

3. The lid of the oven is open at least once a day during the biodegrada- 
tion test, if possible, for spraying water in order to maintain the initial 
moisture content in the compost. 

4. The sample during biodegradation is occasionally taken out of the 
oven and, after washing with water and wiping the moisture on the 
surface of the sample, it is weighed to calculate the biodegradation 
rate from mass changes. 

Evaluation criterion 

The days required for 80% or more of weight loss of the sample in the bio- 
degradation test is defined to be the days for biodegradation. 
®: less than 40 days 
O: 40 days or more and less than 60 days 
A: 60 days or more and less than 80 days 
x; 80 days or more 

4) Haze 

Haze values represented by % were measured with a haze meter (made by 
Suga Test Machine Co.). 

5) Cloud preventive property: 

The film was extended over a water bath warmed at a temperature of 40°C 
with a tilt angle of 30 degree at an ambient temperature of 5°C. Cloudiness of 
the film was measured 30 days after based on the following evaluation crite- 
rion: 

O: Water drops covered 20% or less of the total film area. 
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A: Water drops covered 20% or more and less than 50% of the total film 
area. 

x : Water drops covered more than 50% of the total film area. 

6) Tensile strength: 

Tensile strength was measured following JIS K-6732 (in kg/cm 2 unit). 

7) Extension: 

Extension was measured following JIS K-6732 (%). 

8) Perpendicular tear strength 

Tear strength was measured following JIS K-6732 (in Kg/cm unit). 

9) Water resistance test 

The sample is cut out in 1 0 cm square pieces, and two sheets of these samples 
were inserted between two aluminum plates, which were fixed at four points 
with clips to submit as a test sample. 

This test sample is dipped in water warmed at 70 °C and, after cooling to 
room temperature, the sample films are peeled off with each other. 
® : The films are peeled off with no resistance 
O : The films are peeled off with little resistance 

A: The films experience some resistance, but can be peeled off with diffi- 
culty. 

x: The films are not peeled off at all. 

1 0) Flexibility (tensile elasticity modulus) 

The tensile elasticity modulus was measured according to ASTM D-882 (in 
kg/mm 2 unit). 
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1 1) Wrinkles and slacks of the moist film 

Wrinkles and slacks of the film extended over the agricultural house are ob- 
served when the inside surface of the film is moist. 
® : No wrinkles and slacks 
O: Substantially no wrinkles and slacks 
A: A few wrinkles and slacks 
x: Marked wrinkles and slacks 

1 2) Cloud preventive blocking property (performance of ventilation) 

The sample with a dimension of 25 cm in length and 5 cm in width is adhered 
on the back face of the lid, which is placed over a water bath wanned at 40°C 
for 24 hours so that the sample film comes downward of the lid. Then, the 
wet sample is wound around a glass tube with a diameter of 1 cm to leave the 
tube in an oven heated at 70°C for 24 hours. The sample taken out of the 
oven is further left in a constant temperature chamber at 23 °C. 

The sample wound around the galss tube is peeled off and its surface resis- 
tance is measured with a surface measurement apparatus (made by New 
TOYO Scientific Instrument Co., trade name HEIDON-14). 
O: less than 20 g/5 cm 
A: 20 g/5 cm or more and less than 80 g/5 cm 
x: more than 80 g/5 cm 

1 3) Tensile strength (moist film) 

After folding the film in water at 15°C for 1 hour, the tensile strength of the 
moist film was measured according to JS K-6732 (in kg/cm 2 unit). 

14) Extension (moist film) 

After folding the film in water at 15°C for 1 hour, extension of the moist film 
was measured according to JS K-6732 (%). 
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15) Flexibility (extension elasticity modulus) (moist film) 

After folding the film in water at 15°C for 1 hour, the extension elasticity 
modulus of the moist film was measured according to JS D-882 (in kg/mm 2 
unit). 

Example 1.1 

Pellets were produced by blending 0.2 parts by weight of a hindered phenol based 
compound (made by Asahi Electrochemical Co., trade name; AO-80) and 0.1 parts 
by weight of a phosphite ester based compound (made by Asahi Electrochemical Co., 
trade name; "21 12 w ) to 100 parts by wight of a polyesteramide resin (melting point: 
137°C), prepared by polymerization of adipic acid, 1,4-butanediol and e-caprolactam, 
comprising 50% by weight of an aliphatic ester unit and 50% by weight of an ali- 
phatic amide unit A film with a thickness of 100 jim was formed from the pellets 
using a T-die type extruder equipped with a cylinder with a diameter of 30 mm. This 
film was evaluated as 120 hours under the weather resistance test conditions (a), and 
100 hours under the weather resistance test conditions (b). 

Comparative Example 1.1 

A film was prepared by the same method as used in Example 1.1, except that the 
hindered phenol based compound and phosphite ester based compound used in Ex- 
ample 1 were not blended. 

This film was evaluated as 80 hours under the weather resistance test conditions (a), 
and 50 hours under the weather resistance test conditions (b). 



WO 00/63282 



-31 - 



PCT/EPOO/03380 



Example 1.2 

Pellets were produced by blending 0.1 parts by weight of the hindered phenol basd 
compound (made by Asahi Electrochemical Co., trade name: AO-60), 0.1 parts by 
weight of the phosphite ester based compound (made by Asahi Electrochemical Co., 
trade name: "21 12") and 0.3 parts by weight of the hindered amine based light stabi- 
lizer (made by Ciba Speciality Chemical Co., trade name: LS-944) to 100 parts by 
weight of the polyesteramide resin used in Example 1.1. A film with a thickness of 
100 Mm was formed from the pellets using a T-die type extruder equipped with a 
cylinder with a diameter of 30 mm. 

This film was evaluated as 250 hours under the weather resistance test conditions (a), 
and 1 80 hours under the weather resistance test conditions (b). 

Example 1.3 

Pellets were produced by blending 0.1 parts by weight of the hindered phenol based 
compound (made by Asahi Electrochemical Co., trade name AO-80), 0.1 parts by 
weight of the phosphite ester based compound (made by Asahi Electrochemical Co., 
trade name: "21 12"), 0.3 parts by weight of the hindered amine based light stabilizer 
(made by Ciba Speciality Chemical Co., trade name: LS-944) and 0.1 parts by weight 
of a benzotriazole based UV absorbing agent (made by Kyodo Pharmacuticals Co., 
trade name: VS-550) to 100 parts by weight of the polyesteramide resin used in Ex- 
ample 1.1. A film with a thickness of 100 um was formed from the pellets using a T- 
die type extruder equipped with a cylinder with a diameter of 30 mm. 

This film was evaluated as 350 hours under the weather resistance test conditions (a), 
and 1 90 hours under the weather resistance test conditions (b). 
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Comparative Example L2 

A film was prepared by the same method as used in Example 1.3, except that only 
0.2 parts by weight of the benzotriazole based UV absorbing agent (made by Kyodo 
5 Pharmaceuticals Co., trade name: VS-SSO) used in Example 1 .3 was blended 

This film was evaluated as 100 hours under the weather resistance test conditions (a), 
and 60 hours under the weather resistance test conditions (b). 

10 Example 1.4 

A film with a thickness of 100 \im was prepared by the same method as used in Ex- 
ample 1.1, except that the polyesteramide resin (melting point: 116 °C), produced by 
polymerization of adipic acid, 1,4-butanediol and 8-caprolactam, comprising 70% by 
15 weight of the aliphatic amide unit and 30% by weight of the aliphatic fatty acid unit 
was used 

This film was evaluated as 130 hours under the weather resistance test conditions (a), 
and 100 hours under the weather resistance test conditions (b). 

20 

Example 1,5 

Pellets were produced by blending 0.1 parts by weight of the hindered phenol based 
compound (made by Asahi Electrochemical Co., trade name : AO60), 0.1 parts by 

25 weight of the phosphite ester based compound (made by Asahi Electrochemical Co., 
trade name "21 12") and 0.3 parts by weight of the hindered amine based light stabi- 
lizer (made by Ciba Speciality Chemical Co., trade name: LS-944) to 100 parts by 
weight of the polyesteramide resin (melting point: 172°C), produced by polymeriza- 
tion of adipic acid, 1,4-butanediol and hexamethylene diamine, comprising 80% by 

30 weight of the aliphatic ester unit and 20% by weight of the aliphatic amide unit A 
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film with a thickness of 100 \im was prepared from the pellets using the T-die type 
extruder having a cylinder with a diameter of 30 mm. 

This film was evaluated as 150 hours under the weather resistance test conditions (a), 
and 120 hours under the weather resistance test conditions (b). 

Comparative Example 13 

A film was prepared by the same method as used in example 1.5, except that the hin- 
dered phenol based compound and phosphite ester based compound used in Example 
1.5 were not blended. 

This film was evaluated as 90 hours under the weather resistance test conditions (1), 
and 70 hours under the weather resistance test conditions (2). 

Example 2.1 

Pellets were formed by blending 10 parts by weight of calcium carbonate (made by 
Maruo Calcium Co., trade name: Super SS, mean grain size: 2.2 jim) relative to 100 
parts by weight of a polyesteramide resin (melting point: 137 °C), produced by 
polymerization of adipic acid, 1,4-butanediol and e-caprolactam, comprising 50% by 
weight of an aliphatic ester unit and 50% by weight of an aliphatic amide unit A 
film with a thickness of 30 \im was formed from the pellet using a T-die type ex- 
truder equipped with a cylinder with a diameter of 30 mm. The days required for 
biodegradation of this film were 35 days. 

Example 22 

A film was formed by the same method as used in Example 2.1, except that the 
amount of blending of calcium carbonate in Example 2.1 was changed to 40 parts by 
weight. The days required for biodegradation of this film were 25 days. 
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Example 23 

A film was formed by the same method as used in Example 2.1, except that the 
5 amount of blending of calcium carbonate in Example 2.1 was changed to 70 parts by 
weight. The days required for biodegradation of this film were 20 days. 

Example 2.4 

10 A film was formed by the same method as used in Example 2.2, except that 40 parts 
by weight of talc (made by Fuji Talc Co., mean grain size: 1.8 \im) was used in place 
of calcium carbonate used in Example 2.2. The days required for biodegradation of 
this film were 27 days. 

IS Comparative Example 2,1 

A film was formed by the same method as used in Example 2.1, except that calcium 
carbonate used in Example 2.1 was not blended at all. The days required for biode- 
gradation of this film were 45 days. 

20 

Example 2JS 

Pellets were formed by blending 40 parts by weight of calcium carbonate (made by 
Maruo Calcium Co., trade name: Super SS, mean grain size: 2.2 relative to 100 

25 parts by weight of a polyesteramide resin (melting point: 1 16°C), produced by 
polymerization of adipic acid, 1,4-butanediol and e-caprolactam, comprising 70% by 
weight of an aliphatic ester unit and 30% by weight of an aliphatic amide unit A 
film with a thickness of 30 \im was formed from the pellet using a T-die type ex- 
truder equipped with a cylinder with a diameter of 30 mm. The days required for 

30 biodegradation of this film were 30 days. 
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Example 2.6 

Pellets were formed by blending 40 parts by weight of calcium carbonate (made by 
Maruo Calcium Co., trade name: Super SS, mean grain size: 2.2 \xm) relative to 100 
5 parts by weight of a polyesteramide resin (melting point: 172°C), produced by 
polymerization of adipic acid, 1,4-butanediol and hexamethylene diamine, compris- 
ing 80% by weight of an aliphatic ester unit and 20% by weight of an aliphatic amide 
unit A film with a thickness of 30 \im was formed from the pellet using a T-die type 
extruder equipped with a cylinder with a diameter of 30 mm. The days required for 
10 biodegradation of this film were 33 days. 

Comparative Example 2*2 

A film was formed by the same method as used in Example 2.1, except that calcium 
IS carbonate used in Example 2.6 was not blended at all. The days required for biode- 
gradation of this film were 52 days. 

Example 3.1 

20 Into 100 parts by weight of the resin component comprising the polyesteramide resin 
(melting point 137°C), produced by polymerization of adipic acid, 1,4-butanediol 
and 8-caprolactam, comprising 50% by weight of an aliphatic ester unit and 50% by 
weight of an aliphatic amide unitO.l parts by weight of a hindered phenol based anti- 
oxidant (made by Ashahi Electrochemical Co., trade name AO-60), 0.1 parts by 

25 weight of a phosphite ester based compound (made by Ashahi Electrochemical Co., 
trade name "21 12"), 0.3 parts by weight of a hindered amine based light stabilizer 
(made by Ciba Speciality Chemical Co., trade name LS-944), 0.1 parts by weight of 
a triazole based UV absorbing agent (made by Kyodo Pharmaceuticals Co., trade 
name VS-550), and 0.1 parts by weight of a fluorinated surfactant (made by Daikin 

30 Industries, Co.) as a clod preventive agent and fog preventive agent comprising 1 part 
by weight of diglycerine distealate and 1 parts by weight of sorbitan monostealate 
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were blended. A biodegradable agricultural film with a thickness of 100 \im was 
produced with an inflation molding machine. 

This film was evaluated as follows: haze; 13%, cloud preventive property; O, tensile 
strength; 680 kg/cm 2 , extension; 500%, weather resistance; O, biodegradability; O 

Example 3,2 

A biodegradable agricultural film was produced by the same method as in Example 
3.1, except that the resin component comprises 95 parts by weight of the poly- 
esteramide resin used in Example 3.1 and 5 parts by weight of an aliphatic polyester 
resin (made by Showa Polymer Industry Co., trade name Bionole 3001). 

This film was evaluated as follows: haze; 15%, cloud preventive property; O, tensile 
strength; 710 kg/cm 2 , extension; 480%, weather resistance; O, biodegradability; O 

Example 33 

A biodegradable agricultural film was produced by the same method as in Example 
3.1, except that the resin component comprises 90 parts by weight of the poly- 
esteramide resin used in Example 1 and 10 parts by weight of an aliphatic polyester 
resin (made by Showa Polymer Industry Co., trade name Bionole 3001). 

This film was evaluated as follows: haze; 17%, cloud preventive property; O, tensile 
strength; 740 kg/cm 2 , extension; 450%, weather resistance; O, biodegradability; O 

Comparative Example 3.1 

A commercially available agricultural soft polyvinyl chloride film with a thickness of 
100 n (made by CI. Chemicals Co., trade name C.I. agricultural polyvinyl chloride 
Sky Eight) was evaluated, obtaining the following results: 
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haze; 15%, cloud preventive property; O, tensile strength; 250 kg/cm 2 , extension; 
320%, weather resistance; O, biodegradability; x 

Comparative Example 3.2 

5 

A commercially available agricultural polyolefine film with a thickness of 100 fim 
(made by C J. Chemicals Co., trade name CI. agricultural polyvinyl chloride Sky 
Coat) was evaluated, obtaining the following results: 

haze; 15.5%, cloud preventive property; O, tensile strength; 224 kg/cm 2 , extension; 
10 550%, weather resistance; O, biodegradability; x 

Comparative Example 33 

A biodegradable agricultural film was produced by the same method as in Example 
15 3.1, except that 100 parts by weight of the aliphatic polyester resin (made bay Showa 
Polymer Industry Co., trade name Bionole 3001) was used as the resin component 

The film was evaluated as follows: haze; 68%, cloud preventive property; x, tensile 
strength; 610 kg/cm 2 , extension; 840%, weather resistance; O, biodegradability; O 

20 

Example 3.5 

A biodegradable agricultural film was produced by the same method as in Example 
1, except that 100 parts by weight of a polyesteramide resin (melting point 1 16 0 Q, 
25 produced by polymerization of adipic acid, 1,4-butanediol and e-caprolactam, com- 
prising 70% by weight of an aliphatic amide unit and 30% by weight of an aliphatic 
polyester unit was used. 

The film was evaluated as: haze; 15%, cloud preventive property; O, tensile strength; 
30 660 kg/cm 2 , extension; 520%, weather resistance; O, biodegradability; O 



WO 00/63282 



PCT/EPOO/03380 



-38- 

Example 3.6 

A biodegradable agricultural film was produced by the same method as in Example 
3.1, except that 90 parts by weight of the polyesteramide resin (melting point 116°C) 
S used in Example 3.5 and 10 parts by weight of the aliphatic polyester resin (made by 
Showa Polymer Industry Co., trade name Bionole 3001) were used as the resin com* 
ponent. 

The film was evaluated as: haze; 19%, cloud preventive property; O, tensile strength; 
10 710 kg/cm 2 , extension; 460%, weather resistance; O, biodegradability; O 

Example 3.7 

A biodegradable agricultural film was produced by the same method as in Example 
15 1, except that 100 parts by weight of a polyesteramide resin (melting point 172°C), 
produced by polymerization of adipic acid, 1,4-butanediol and hexamethylene dia- 
mine, comprising 80% by weight of an aliphatic ester unit and 20% by weight of an 
aliphatic amide unit was used. 

20 The film was evaluated as: haze; 19%, cloud preventive property; O, tensile strength; 
820 kg/cm 2 , extension; 400%, weather resistance; O, biodegradability; O 

Example 4.1 

25 Additives such as 0, 1 parts by weight of the hindered phenol based antioxidant (made 
by Asahi Electrochemical Co., trade name AO-80), 0.1 parts by weight of the phos- 
phite ester based compound (made by Asahi Electrochemical Co., trade name 
"21 12"), 0.02 parts by weight of the hindered amine based light stabilizer (made by 
Ciba Speciality Chemicals Co., trade name LS-944), and 30 parts by weight of cal- 

30 cium carbonate (made by Maruo Calcium Co., mean grain size 2.2 jim) were blended 
into 100 parts by weight of the resin component composed of a polyesteramide resin 
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(melting point 137°C), produced by polymerization of adipic acid, 1,4-butanediol 
and e-caprolactam, comprising 50% by weight of the aliphatic ester unit and 50% by 
weight of the aliphatic amide unit. An arvicultural multi-film of the biodegradable 
resin with a thickness of 30 \im was produced with an inflation-molding machine. 

This multi-film was evaluated as: tensile strength; 310 kg/cm 2 , extension; 370%, 
perpendicular tear strength; 120 kg/cm 2 , biodegradability; ® 

Example 4.2 

An arvicultural multi-film of the biodegradable resin was produced by the same 
method as in Example 4.1, except that 3 parts by weight of carbon black was further 
added to the composition used in Example 4. 1 . 

This multi-film was evaluated as: tensile strength; 320 kg/cm 2 , extension; 360%, 
perpendicular tear strength; 1 10 kg/cm 2 , biodegradability, ® 

Example 43 

An arvicultural multi-film of the biodegradable resin was produced by the same 
method as in Example 4.1, except that the resin component comprising 95 parts by 
weight of the polyesteramide resin used in Example 4.1 and 5 parts by weight of an 
aliphatic polyester resin (made by Showa Polymer Industry Co., trade name Bionole 
3001) was used. 

This multi-film was evaluated as: tensile strength; 380 kg/cm 2 , extension; 330%, 
perpendicular tear strength; 130 kg/cm 2 , biodegradability; ® 
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Example 4.4 

Additives such as 0. 1 parts by weight of the hindered phenol based antioxidant (made 
by Asahi Electrochemical Co., trade name AO-80), 0.1 parts by weight of the phos- 
5 phite ester based compound (made by Asahi Electrochemical Co., trade name 
"2112"), 30 parts by weight of calcium carbonate (made by Maruo Calcium Co., 
mean grain size 2.2 \im) as a filler and 0.8 parts by weight of a green pigment (made 
by Toyo Inc Co., trade name Lionol Green Y-101) were blended into 100 parts by 
weight of the polyesteramide resin used in Example 1. An agricultural multi-film of 
10 the biodegradable resin with a thickness of 30 jim was produced with an inflation- 
molding machine. 

This multi-film was evaluated as: tensile strength; 320 kg/cm 2 , extension; 370%, 
perpendicular tear strength; 120 kg/cm , biodegradability; ® 

15 

Comparative Example 4 J 

A commercially available black poly multi-film with a thickness of 100 jim was 
evaluated, obtaining the following results: tensile strength; 350 kg/cm 2 , extension; 
20 410%, perpendicular tear strength; 160 kgfcm 2 , biodegradability; x 

Example 4.5 

An arvicultural multi-film of the biodegradable resin was produced by the same 
25 method as in Example 4. 1 , except that a polyesteramide resin (melting point 116 °C), 
produced by polymerization of adipic acid, 1 ,4-butanediol and e-caprolactam, com- 
prising 30% by weight of the aliphatic resin unit and 70% by weight of the aliphatic 
amide unit was used as the resin component. 



30 This multi-film was evaluated as: tensile strength; 300 kg/cm 2 , extension; 390%, 
perpendicular tear strength; 130 kg/cm 2 , biodegradability; ® 
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Example 4.6 

An agricultural multi-film was produced by the same method as in Example 4.1, ex- 
5 cept that 90 parts by weight of the aliphatic polyesteramide resin (melting point 
172°C), produced by polymerization of adipic acid, 1,4-butanediol and hexamethyl- 
ene diamine, comprising 80% by weight of the aliphatic ester unit and 20% by 
weight of the aliphatic amide unit, and 10 parts by weight of the aliphatic polyester 
resin (made by Showa Polymer Industry Co., trade name Bionole 3001) were used as 
10 the resin component 

This multi-film was evaluated as: tensile strength; 380 kg/cm 2 , extension; 310%, 
perpendicular tear strength; 110 kg/cm 2 , biodegradability; © 

15 Example 5,1 

A resin component composed of 80 parts by weight of the polyesteramide resin, pre- 
pared by polymerization of adipic acid, 1,4-butane diol and e-caprolactam, compris- 
ing 50% of an aliphatic ester unit and 50% of an aliphatic amide unit, and 20 parts by 

20 weight of the aliphatic polyester resin (made by Showa Polymer Industry Co., trade 
name Bionole 3001) was used as the layer (B), and a resin component composed of 
100 parts by weight of the aliphatic polyester resin (made by Showa Polymer In- 
dustry Co., trade name Bionole 3001) was used as the layer (B). Into 100 parts by 
weight of the resin component for each layer, 0.1 parts by weight of a hindered phe- 

25 nol based antioxidant (made by Asahi Electrochemical Co., trade name AO-80), 0.1 
parts by weight of a phosphite ester based compound (made by Asahi Electrochemi- 
cal Co., trade name "21 12"), and 0.2 parts by weight of a hindered amine based light 
stabilizer (made by Ciba Speciality Chemical Co., trade name LS-944) were blended. 
A biodegradable multilayer film having a construction of (B)/(A)/(B) with a layer 

30 ratio of 10/80/10 and a thickness of 100 \im was formed using a three-layer inflation 
molding machine. 
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This film was evaluated as: water resistance; ®, haze; 19%, flexibility; 41 kg/mm 2 , 
biodegradability; O 

5 Example 52 

A resin component composed of 100 parts by weight of the polyesteramide resin, 
prepared by polymerization of adipic acid, 1,4-butane diol and e-caprolactam, com- 
prising 50% of an aliphatic ester unit and 50% of an aliphatic amide unit was used as 

10 the layer (B), and a resin component composed of 80 parts by weight of the aliphatic 
polyester resin (made by Showa polymer Industry Co., trade name Bionole 3001) and 
20 parts by weight of the polyesteramide resin was used as the layer (B). Into 100 
parts by weight of the resin component for each layer, 0.1 parts by weight of a hin- 
dered phenol based antioxidant (made by Asahi Electrochemical Co., trade name 

15 AO-80), 0.1 parts by weight of a phosphite ester based compound and 0.2 parts by 
weight of a hindered amine based light stabilizer (made by Ciba Speciality Chemical 
Co., trade name LS-944) were blended. A biodegradable multilayer film having a 
layer construction of (B)/(A)/(B) with a layer ratio of 10/80/10 and a thickness of 100 
jim was formed using a three-layer inflation molding machine. 

20 

This film was evaluated as: water resistance; O, haze; 21%, flexibility; 39 kgfaam 2 , 
biodegradability; ® 

Example 53 

25 

A resin component composed of 70 parts by weight of the polyesteramide resin, pre- 
pared by polymerization of adipic acid, 1,4-butane diol and e-caprolactam, compris- 
ing 30% of an aliphatic ester unit and 70% of an aliphatic amide unit was used as the 
layer (A), and a resin component composed of 100 parts by weight of the aliphatic 
30 polyester resin (made by Showa polymer Industry Co., trade name Bionole 3001) 
was used as the layer (B). Into 100 parts by weight of the resin component for each 



WO 00/63282 



PCT/EPOO/03380 



-43- 

layer, 0.1 parts by weight of a hindered phenol based antioxidant (made by Asahi 
Electrochemical Co., trade name AO-80), 0.1 parts by weight of a phosphite ester 
based compound (made by Asahi Electrochemical Co., trade name "2112"), 0.2 parts 
by weight of a hindered amine based light stabilizer (made by Ciba Speciality 
5 Chemical Co., trade name LS-944), and 30 parts by weight of calcium carbonate 
(made by Maruo Calcium Co., mean grain size: 2,2 \xm) as an additive were blended. 
A biodegradable multilayer film having a layer construction of (B)/(A)/(B) with a 
layer ratio of 15/70/15 and a thickness of 100 jim was formed using a three-layer 
inflation molding machine. 

10 

This film was evaluated as: water resistance; ®, haze; 21%, flexibility; 46 kg/mm 2 , 
biodegradability; O 

Comparative Example 5.1 

15 

Into 100 parts by weight of the polyesteramide resin, prepared by polymerization of 
adipic acid, 1,4-butanediol and e-caprolactam, comprising 50% of an aliphatic ester 
unit and 50% of an aliphatic amide unit, 0.1 parts by weight of the hindered phenol 
based antioxidant (made by Asahi Electrochemical Co., trade name AO-80), 0.1 parts 
20 by weight of a phosphite ester based compound (made by Asahi Electrochemical Co., 
trade name "21 12"), and 0.2 pars by weight of the hindered amine based light stabi- 
lizer (made by Ciba Speciality Chemical Co., trade name LS-944) were blended A 
single layer biodegradable film with a thickness of 100 pm was formed from this 
composition using a single layer inflation molding machine. 

25 

This film was evaluated as: water resistance; A, haze; 14%, flexibility; 36 kg/mm 2 , 
biodegradability; ® 
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Comparative Example 5,2 

Into 100 parts by weight of the aliphatic polyesteramide resin (made by Showa 
Polymer Industry Co. trade name Bionole 3001), 0.1 parts by weight of the hindered 
5 phenol based antioxidant (made by Asahi Electrochemical Co., trade name AO-80), 
0.1 parts by weight of a phosphite ester based compound (made by Asahi Electro- 
chemical Co., trade name "2112"), and 0.2 pars by weight of the hindered amine 
based light stabilizer (made by Ciba Speciality Chemical Co., trade name LS-944) 
were blended. A single layer biodegradable film with a thickness of 100 jam was 
10 formed from this composition using a single layer inflation molding machine. 

This film was evaluated as: water resistance; ®, haze; 68%, flexibility; 800 kg/mm 2 , 
biodegradability; O, especially showing poor transparency and flexibility. 

15 Example 5.4 

A resin component composed of 80 parts by weight of the aliphatic polyesteramide 
resin, prepared by polymerization of adipic acid, 1,4-butane diol and hexamethylene 
diamine, comprising 80% of the aliphatic ester unit and 20% of the aliphatic amide 

20 unit, and 20 parts by weight of an aliphatic polyester resin (made by Showa Polymer 
Industry Co., trade name Bionole 3001) was used as the layer (A), and a resin com- 
ponent composed of 100 parts by weight of the aliphatic polyester resin (made by 
Showa polymer Industry Co., trade name Bionole 3001) was used as the layer (B). 
Into 1 00 parts by weight of the resin component for each layer, 0. 1 parts by weight of 

25 a hindered phenol based antioxidant (made by Asahi Electrochemical Co., trade 
name AO80), 0.1 parts by weight of a phosphite ester based compound (made by 
Asahi Electrochemical Co., trade name "21 12"), 0.2 parts by weight of a hindered 
amine based light stabilizer (made by Ciba Speciality Chemical Co., trade name LS- 
944), and 30 parts by weight of calcium carbonate (made by Maruo Calcium Co., 

30 mean grain size: 2,2 fim) as an additive were blended. A biodegradable multilayer 



WO 00/63282 



PCT/EP00/03380 



-45- 

film having a layer construction of (B)/(A)/(B) with a layer ratio of 15/70/15 and a 
thickness of 100 |im was formed using a three-layer inflation molding machine. 

This film was evaluated as: water resistance; ®, haze; 24%, flexibility; 65 kg/mm 2 , 
5 biodegradability; O 

Example 6.1 

A resin component composed of 100 parts by weight of an aliphatic polyester resin 

10 (made by Showa Polymer Industry Co., trade name Bionole 3001) was used as the 
layer (A); a resin component composed of 70 parts by weight of a polyesteramide 
rsin, prepared by polymerization of adipic acid, 1,4-bitanediol and e-caprolactam, 
comprising 50% of an aliphatic ester unit and 50% of an aliphatic amide unit, and 30 
parts by weight of the aliphatic polyester resin described above was used as the layer 

1 5 (B); and a resin component composed of 80 parts by weight of the aliphatic polyester 
resin and 20 parts by weight of the polyesteramide resin was used as the layer (C). 
To 100 parts by weight of the resin component for each layer, 0.1 parts by weight of 
a hindered phenol based anti-oxidant (made by Asahi Electrochemical Co., trade 
name AO80), 0.1 parts by weight of a phosphite ester based compound (made by 

20 Asahi Electrochemical Co., trade name "2112"), and 0.3 parts by weight of a hin- 
dered amine based light stabilizer (made by Ciba Speciality Chemical Co., trade 
name LS-944) were blended. A cloud preventive agent comprising 1 part by weight 
of diglycerine distearate and 1 parts by weight of sorbitan monostearate, and a fog 
preventive agent comprising 0.1 parts by weight of a fluorinated surfactant (made by 

25 Daikin Industries Co., trade name DS-403) were blended to the layer (B); and a cloud 
preventive agent comprising 0.7 parts by weight of diglycerine distearate and 0.7 
parts by weight of sorbitan monostearate, and a fog preventive agent comprising 0.1 
parts by weight of a fluorinated surfactant (made by Daikin Industries Co., trade 
name DS-403) were blended to the layer (C). 

30 
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A biodegradable multilayer agricultural film with a construction of (A)/(B)/(C), a 
layer ratio of 20/60/20 and a thickness of 100 ^m was produced using a three-layer 
inflation molding machine. 

This film was evaluated as; haze: 23%, cloud preventive property: O, water resis- 
tance: O, acceleration of weather resistance: O, cloud resistant blocking property: O 

Example 6.2 

A biodegradable multilayer agricultural film was produced by the same method as in 
Example 6.1, except that the resin component in the layer (C) was replaced with 70 
parts by weight of the aliphatic polyester resin and 30 parts by weight of the poly- 
esteramide resin. 

This film was evaluated as; haze: 21%, cloud preventive property: ®, water resis- 
tance: O, acceleration of weather resistance: O, heat resistant blocking property: O 

Example 63 

A resin component composed of 100 parts by weight of an aliphatic polyester resin 
(made by Showa Polymer Industry Co., trade name Bionole 3001) was used as the 
layer (A); a resin component composed of 80 parts by weight of a polyesteramide 
resin, prepared by polymerization of adipic acid, 1,4-butanediol and E-caprolactam, 
comprising 30% of an aliphatic ester unit and 70% of an aliphatic amide unit, and 20 
parts by weight of the aliphatic polyester resin described above was used as the layer 
(B); and a resin component composed of 70 parts by weight of the aliphatic polyester 
resin and 30 parts by weight of the polyesteramide resin was used as the layer (Q. 
To 100 parts by weight of the resin component for each layer, 0.1 parts by weight of 
a hindered phenol based anti-oxidant (made by Asahi Electrochemical Co., trade 
name AO-80), 0.1 parts by weight of a phosphite ester based compound (made by 
Asahi Electrochemical Co., trade name "2112 ,t ), and 0.3 parts by weight of a hin- 
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dered amine based light stabilizer (made by Asahi Electrochemical Co., trade name 
LA-63) were blended A cloud preventive agent comprising 1 part by weight of di- 
glycerine distearate and 1 parts by weight of sorbitan monostearate, and a fog pre- 
ventive agent comprising 0.1 parts by weight of a fluorinated surfactant (made by 
5 Daikin Industries Co., trade name DS-403) were blended to the layer (B); and a cloud 
preventive agent comprising 0.7 parts by weight of diglyceride stearate and 0.7 parts 
by weight of sorbitan monostearate, and a fog preventive agent comprising 0.1 parts 
by weight of a fluorinated surfactant (made by Daikin Industries Co., trade name DS- 
403) were blended to the layer (C). 

10 

A biodegradable multilayer agricultural film with a construction of (A)/(B)/(C), a 
layer ratio of 15/70/15 and a thickness of 100 ^m was produced using a three-layer 
inflation molding machine. 

15 This film was evaluated as; haze: 22%, cloud preventive property: ®, water resis- 
tance: O, acceleration of weather resistance: O, heat resistant blocking property: O 

Example 6,4 

20 A resin component composed of 100 parts by weight of an aliphatic polyester resin 
(made by Showa Polymer Industry Co., trade name Bionole 3001) was used as the 
layer (A); a resin component composed of 80 parts by weight of a polyesteramide 
resin, prepared by polymerization of adipic acid, 1,4-butanediol and hexamethylene 
diamine, comprising 80% of an aliphatic ester unit and 20% of an aliphatic amide 

25 unit, and 20 parts by weight of the aliphatic polyester resin described above was used 
as the layer (B); and a resin component composed of 70 parts by weight of the ali- 
phatic polyester resin and 30 parts by weight of the polyesteramide resin was used as 
the layer (C). To 100 parts by weight of the resin component for each layer, 0.1 parts 
by weight of a hindered phenol based anti -oxidant (made by Asahi Electrochemical 

30 Co., trade name AO-80), 0.1 parts by weight of a phosphite ester based compound 
(made by Asahi Electrochemical Co., trade name "21 12"), and 0.3 parts by weight of 
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a hindered amine based light stabilizer (made by Asahi Electrochemical Co., trade 
name, trade name LA-63) were blended. A cloud preventive agent comprising 1 part 
by weight of diglycerine distearate and 1 parts by weight of sorbitan monostearate, 
and a fog preventive agent comprising 0.1 parts by weight of a fluorinated surfactant 
5 (made by Daikdn Industries Co., trade name DS-403) were blended to the layer (B); 
and a cloud preventive agent comprising 0.7 parts by weight of diglyceride stearate 
and 0.7 parts by weight of sorbitan monostearate, and a fog preventive agent com- 
prising 0.1 parts by weight of a fluorinated surfactant (made by Daikin Industries 
Co., trade name DS-403) were blended to the layer (C). 

10 

A biodegradable multilayer agricultural film with a construction of (A)/(B)/(C), a 
layer ratio of 15/70/15 and a thickness of 100 \im was produced using a three-layer 
inflation molding machine. 

15 This film was evaluated as; haze: 22%, cloud preventive property: ®, water resis- 
tance: O, acceleration of weather resistance: O, heat resistant blocking property: O 

Comparative Example 6,1 

20 To 100 parts by weight of a polyesteramide resin, prepared by polymerization of 
adipic acid, 1,4-butanediol and e-caprolactam, comprising 50% of the aliphatic ester 
unit and 50% of the aliphatic amide unit, 0.1 parts by weight of a hindered phenol 
based anti -oxidant (made by Asahi Electrochemical Co., trade name AO-80), 0.1 
parts by weight of a phosphite ester based compound (made by Asahi Electrochemi- 

25 cal Co., trade name "21 12"), and 0.3 parts by weight of a hindered amine based light 
stabilizer (made by Ciba Speciality Chemical Co., trade name LS-944) were blended, 
as well as a cloud preventive agent comprising 1 part by weight of diglycerine diste- 
arate and 1 part by weight of sorbitan monostearate, and a fog preventive agent com- 
prising 0.1 parts by weight of a fluorinated surfactant (made by Daikin Industries 

30 Co., trade name DS-403). A biodegradable mono-layer agricultural film a thickness 
of 100 fim was produced using a mono-layer inflation molding machine. 
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This film was evaluated as; haze: 14%, cloud preventive property: ®, water resis- 
tance: A, acceleration of weather resistance: O, heat resistant blocking property: A 

5 Comparative Example 6J2 

To 100 parts by weight of the aliphatic polyester resin (made by Showa Polymer In- 
dustry Co., trade name Bionole 3001), 0.1 parts by weight of a hindered phenol based 
anti-oxidant (made by Asahi Electrochemical Co., trade name AO-80), 0.1 parts by 

10 weight of a phosphite ester based compound (made by Asahi Electrochemical Co., 
trade name "21 12"), and 0.3 parts by weight of a hindered amine based light stabi- 
lizer (made by Ciba Speciality Chemical Co., trade name LS-944) were blended, as 
well as a cloud preventive agent comprising 1 part by weight of diglycerine distearate 
and 1 part by weight of sorbitan monostearate, and a fog preventive agent comprising 

15 0.1 parts by weight of a fluorinated surfactant (made by Daikin Industries Co., trade 
name DS-403). A biodegradable mono-layer agricultural film a thickness of 100 nm 
was produced using a mono-layer inflation molding machine. 

This film was evaluated as; haze: 68%, cloud preventive property: x, water resis- 
20 tance: © , acceleration of weather resistance: O , heat resistant blocking property: O 

Example 7,1 

Additives such as 0.1 parts by weight of a hindered phenol based antioxidant (made 
25 by Asahi Electrochemical Co., trade name AO-80), 0.1 parts by weight of a phos- 
phite ester based compound (made by Asahi Electrochemical Co., trade name 
"21 12"), 0.2 parts by weight of a hindered amine based light stabilizer (made by Ciba 
Speciality Chemical Co., trade name LS-944), and 30 parts by weight of calcium 
carbonate (made by Maruo Calcium Co, mean grain size: 2.2 tun) as a filler were 
30 blended into 1 00 parts by weight of a resin component composed of a polyesteramide 
resin (melting point 137 °C), prepared by polymerization of adipic acid, 1,4-butane- 
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diol and e-caprolactam, comprising 50% by weight of an aliphatic ester unit and 50% 
by weight of an aliphatic amide unit. A multi-film of a biodegradable resin for use in 
rice fields with a thickness of 30 |im was produced using an inflation molding ma- 
chine. 

5 

It was possible to plant young rice plants into a rice field while covering the rice field 
with a multi-film of the biodegradable resin for use in rice fields by piercing the 
multi-film with a rice planting machine. 

10 The multi-film was evaluated as; tensile strength (moist film): 250 kg/cm 2 , extension 
(moist film): 390%, flexibility (moist film): 18 kg/mm 2 , biodegradability @ 

Example 7.2 

15 A multi-film of a biodegradable resin for use in rice fields was produced by the same 
method as in Example 7.1, except that 3 parts by weight of carbon black was used in 
addition to the additive used in Example 7.1. 

It was possible to plant young rice plants into a rice field while covering the rice field 
20 with a multi-film of the biodegradable resin for use in rice fields by piercing the 
multi-film with a rice planting machine. 

The multi-film was evaluated as; tensile strength (moist film): 260 kg/cm 2 , extension 
(moist film): 370%, flexibility (moist film): 19 kg/mm 2 , biodegradability ® 

25 

Example 73 

A multi-film of a biodegradable resin for use in rice fields was produced by the same 
method as in Example 7.1, except that the proportion of blending of the polyester 
30 amide resin and aliphatic polyester resin used in Example 7.1 were changed to 95 
parts by weight and 5 parts by weight, respectively. 



WO 00/63282 



PCT/EP00/03380 



-51 - 

It was possible to plant young rice plants into a rice field while covering the rice field 
with a multi-film of the biodegradable resin for use in rice fields by piercing the 
multi-film with a rice planting machine. 

5 

The multi-film was evaluated as; tensile strength (moist film): 330 kg/cm 2 , extension 
(moist film): 340%, flexibility (moist film): 22 kg/mm 2 , biodegradability ®. 

Example 7.4 

10 

Additives such as 0.1 parts by weight of a hindered phenol based antioxidant (made 
by Asahi Electrochemical Co., trade name AO-80), 0.1 parts by weight of a phos- 
phite ester based compound (made by Asahi Electrochemical Co., trade name 
w 2112"), 30 parts by weight of calcium carbonate (made by Maruo Calcium Co, 
15 mean grain size: 2.2 Jim) as a filler, and 0.8 parts by weight of a green pigment 
(made by Toyo Ink Co., trade name Lionol Green Y-101) as a colorant were blended 
into 100 parts by weight of the polyesteramide resin used in Example 7.1. A multi- 
film of a biodegradable resin for use in rice fields with a thickness of 30 |im was 
produced using an inflation molding machine. 

20 

It was possible to plant young rice plants into a rice field while covering the rice field 
with a multi-film of the biodegradable resin for use in rice fields by piercing the 
multi-film with a rice planting machine. 



25 



The multi-film was evaluated as; tensile strength (moist film): 260 kg/cm , extension 
(moist film): 380%, flexibility (moist film): 19 kg/mm 2 , biodegradability ® . 
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Comparative Example 7,1 

A commercially available black poly-multifilm with a thickness of 30 iim was evalu- 
ated as; tensile strength (moist film): 340 kg/cm 2 , extension (moist film): 400%, 
5 flexibility (moist film): 14 kg/mm 2 , biodegradability x 

Comparative Example 7.2 

Additives such as 0.1 parts by weight of a hindered phenol based antioxidant (made 
10 by Asahi Electrochemical Co., trade name AO80), 0.1 parts by weight of a phos- 
phite ester based compound (made by Asahi Electrochemical Co., trade name 
"21 12"), 0.2 parts by weight of a hindered amine based light stabilizer (made by Ciba 
Speciality Chemical Co., trade name LS-944), and 30 parts by weight of calcium 
carbonate (made by Maruo Calcium Co, mean grain size: 2.2 jim) as a filler were 
IS blended into 100 parts by weight of the aliphatic polyester resin (made by Showa 
Polymer Industry Co., trade name Bionole 3001). A multi-film of a biodegradable 
resin for use in rice fields with a thickness of 30 |im was produced using an inflation 
molding machine. 

20 Young rice plants were planted into a rice field using a planting machine while 
covering the rice field with the multi-film of the biodegradable resin. However, the 
film was so hard that rice planting work was difficult 

Also, the film has so poor flexibility that it could not make close contact to the sur- 
25 face of the soil, causing such troubles as the film get rolled up by wind. 

The multi-film was evaluated as; tensile strength (moist film): 590 kg/cm 2 , extension 
(moist film): 850%, flexibility (moist film): 76 kg/mm 2 , biodegradability O. 
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Example 7.5 

A multi-film of a biodegradable resin for use in rice fields was produced by the same 
method as in Example 7.1, except that a polyesteramide resin (melting point: 1 16°C), 
5 prepared by polymerization of adipic acid, 1,4-butanediol and e-caprolactam, com- 
prising 30% by weight of the aliphatic ester unit and 70% by weight of the aliphatic 
amide unit was used as the resin component 

It was possible to plant young rice plants into a rice field while covering the rice field 
10 with a multi-film of the biodegradable resin for use in rice fields by piercing the 
multi-film with a rice planting machine. 

The multi-film was evaluated as; tensile strength (moist film): 240 kg/cm 2 , extension 
(moist film): 400%, flexibility (moist film): 19 kg/mm 2 , biodegradability ©. 

15 

Example 7.6 

A multi-film of a biodegradable resin for use in rice fields was produced by the same 
method as in Example 7.1, except (hat 90 parts by weight of a polyesteramide resin 
20 (melting point: 172°C), prepared by polymerization of adipic acid, 1,4-butanediol 
and hexamefhylene diamine, comprising 80% by weight of the aliphatic ester unit 
and 20% by weight of the aliphatic amide unit, and 10 parts by weight of a aliphatic 
polyester resin (made by Showa Polymer Industry Co., trade name Bionole 3001) 
were used as the resin components. 

25 

It was possible to plant young rice plants into a rice field while covering the rice field 
with a multi-film of the biodegradable resin for use in rice fields by piercing the 
multi-film with a rice planting machine. 



30 The multi-film was evaluated as; tensile strength (moist film): 320 kg/cm 2 , extension 
(moist film): 320%, flexibility (moist film): 22 kg/mm 2 , biodegradability ®. 
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Claims 

1. Biodegradable resin composition comprising at least one stabilizing additive 
selected from the groups of antioxidants (a), of radical scavenging light stabi- 
lizers (b), UV and visible light absorbing compounds (c), and quenchers of 
photochemical excited states (d), additional additives like anti-clouding 
agents (e) and anti-fogging agents (f) and comprising at least one biodegrad- 
able polymer selected from the group consisting of aliphatic (co)polyesters, 
aromatic-aliphatic (co)polyesters, aliphatic polycarbonates, aromatic-aliphatic 
polycarbonates, aliphatic polyester-urethanes, partly aromatic polyester- 
urethanes, aliphatic polyesteramides, aliphatic-aromatic polyesteramides, 
polyetheresteramides, polysaccharide esters, polysaccharide ether esters such 
as cellulose or starch derivatives or copolymers and/or mixtures thereof 

2. Resin composition according to claim 1 comprising fillers. 

3. A resin composition according to claim 1 or 2, wherein the polymer is chosen 
from a polymer of the group consisting of: 

aliphatic or partly aromatic polyesters from 

A) aliphatic Afunctional alcohols, and/or optionaly cycloaliphatic bi- 
functional alcohols, and/or, instead of some or all of the diols, 
monomelic or oligomeric polyols based on ethylene glycol, propyl- 
ene glycol or tetrahydrofuran or copolymers thereof having molecu- 
lar weights of up to 8,000, and/or optionally small amounts of 
branched Afunctional alcohols, and additionally optionally small 
amounts of alcohols of higher functionality, and from aliphatic bi- 
functional acids, and/or optionally aromatic biftinctional acids and 
additionally optionally small amounts of acids of higher functional- 
ity or 
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B) building blocks with acid and alcohol functional groups or deriva- 
tives thereof, or a mixture and/or copolymer of A and B, the aro- 
matic acids making up a content of not more than 50 wt.%, based on 

5 all the acids; 

aliphatic or partly aromatic polyester-urethanes from 

C) aliphatic bifunctional alcohols, and/or optionally cycloaliphatic bi- 
10 functional alcohols, and/or, instead of some or all of the diols, 

monomelic or oligomeric polyols based on ethylene glycol, propyl- 
ene glycol or tetrahydrofuran or copolymers thereof having molecu- 
lar weights of up to 4,000, and/or small amounts of branched bifunc- 
tional alcohols, and additionally optionally small amounts of alco- 
15 hols of higher functionality, and from aliphatic bifunctional acids, 

and/or optionally aromatic bifunctional acids and additonally option- 
ally small amounts of acids of higher functionality, or 

D) building blocks with acid and alcohol functional groups, or deriva- 
20 tives thereof, or a mixture and/or copolymer of C and D, 



the aromatic acids making up a content of not more than 50 wt%, 

based on all the acids; 

the reaction product of C and/or D and 



25 



E) aliphatic and/or cycloaliphatic bifunctional isocyanates and addition- 
ally optionally isocyanates of higher functionality, optionally addi- 
30 tionally with linear and/or branched and/or cycloaliphatic bifunc- 

tional alcohols and/or alcohols of higher functionality, and/or op- 
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tionally additionally with linear and/or branched and/or cyclo- 
aliphatic Afunctional amines and/or amino alcohols and/or amines 
and/or amino alcohols of higher functionality and/or optionally fur- 
ther modified amines or alcohols, 

the ester content C) and/or D) being at least 75 wt%, based on the 
sum of Q, D) and E); 

aliphatic or aliphatic-aromatic polyester-caibonates from 

F) aliphatic Afunctional alcohols, and/or optionally cycloaliphatic bi- 
functional alcohols, and/or, instead of some or all of the diols, 
monomeric or oligomeric polyols based on ethylene glycol, prop- 
ylene glycol or tetrahydrofuran or copolymers thereof having mo- 
lecular weights of up to 4,000, and/or optionally small amounts of 
branched Afunctional alcohols, and additionally optionally small 
amounts of alcohols of higher functionality, and from aliphatic bi- 
functional acids, and/or optionally aromatic Afunctional acids and 
additionally optionally small amounts of acids of higher functional- 
ity or 

G) building blocks with acid and alcohol functional groups or deriva- 
tives thereof, or a mixture and/or copolymer of F) and G), 

the aromatic acids making up a content of not more than 50 wt%> 
based on all the acids; 

with 

H) a carbonate content wAch is prepared from aromatic Afunctional 
phenols and carbonate donors, or a carbonate content wAch is pre- 
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pared from aliphatic carbonic acid esters or derivatives thereof and 
carbonate donors 

the ester content F) and/or G) being at least 70 wt.%, based on the 
sum of F), G)andH); 

aliphatic or partly aromatic polyester-amides or polyether-ester-amides from 

I) aliphatic bifunctional alcohols, and/or optionally cycloaliphatic bi- 
functional alcohols, and/or, instead of some or all of the diols, 
monomeric or oligomeric polyols based on ethylene glycol, propyl- 
ene glycol or tetrahydrofuran or copolymers thereof having molecu- 
lar weights of up to 10,000, and/or optionally small amounts of 
branched bifunctional alcohols, and additionally small amounts of 
alcohols of higher functionality, and from aliphatic bifunctional ac- 
ids, and/or optionally aromatic bifunctional acids and additionally 
optionally small amounts of acids of higher functionality or 

K) building blocks with acid and alkohol functional groups or deriva- 
tives thereof^ 

or a mixture and/or a copolymer of I) and K), the aromatic acids 

and 

L) an amide content from aliphatic and/or cycloaliphatic bifunctional 
and/or optionally small amounts of branched bifunctional amines, 
and additionally optionally small amounts of amines of higher func- 
tionality, and from linear and/or cycloaliphatic bifunctional acids, 
and/or optionally small amounts of branched bifunctional and/or op- 
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tionally aromatic Afunctional acids and additionally optionally small 
amounts of acids of higher functionality, or 

M) an amide content of building blocks with acid and amine functional 
groups, 

or a mixture of L) and M) as the amide content, the ester content I) 
and/or K) being at least 30 wt.%, based on the sum of I), K), L) and 
M). 

Resin composition according to claims 1-3, wherein the polymer is selected 
from aliphatic (co)polyesters, aromatic-aliphatic (co)polyesters, polyether- 
esteramides and/or aliphatic polyesteramides. 

Resin composition according to claim 1-4, wherein 

0-1,0 parts by weight of c), 

0-1,2 parts by weight of a), 0-1,0 parts by weight of b) and polymer add up to 
100 parts by weight, optionally d), e) and f) may be added. 

Resin composition according to claims 1 to 4a, wherein the antioxidant (a) is 
at least one selected from the group of hindered phenol based compounds (al) 
and/or phosphite and/or phosphonite ester based compounds (a2) and/or sul- 
fur containing synergists in antioxidation (a3) and/or the light stabilizer (b) is 
at least one selected from the hindered amine based light stabilizers, prefe- 
rably a high molecular weight oligomer or polymer compound comprising at 
least two repeating units and/or the UV-absorber (c) is at least one selected 
from the group of benzophenones, benzotriazoles, benzylidene malonates, 
oxanilides, benzoaxazinones or triazines; the quencher (d) is selected from the 
metal organic compounds. 
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6. Use of resin composition according claim for molded articles, preferred films 
and sheets. 

7. Molded articles, produced according to 1-6. 

5 

8. Use of the resin compositions according to claims 1 to 5 for films character- 
ized that at least one of the additves (a) to (f) are blended into the resin com- 
position and the biodegradable resin composition is prepared by blending 
relative to 100 parts by weight of the composition 0.03 to 1.2 parts by weight 

10 of an antioxidant (a) and/or the resin composition comprises a hindered amine 

based light stabilizer (b) in an amount of 0.03 to 1.0 parts by weight, relative 
to 100 parts by weight of the composition and/or comprises an UV-absorber 
(c) in an amount of 0.01 to 1.0 parts by weight, relative to 100 parts by weight 
of the composition. 

15 

9. Film according to claim 8. 

10. Film according to claim 9 with a thickness in the range of 15 to 1000 Jim. 

20 11. Use of resin composition according to claims 1 to 5 for agricultural films and 
sheets of improved weatherability that are transparent wherein the preferred 
composition of the biodegradable resin comprises a blend of a biodegradable 
polyesteramide, preferably an aliphatic polyesteramide, and a biodegradable 
polyester, preferably an aliphatic polyester. 

25 

12. Use of resin composition according to claim 11 for transparent agricultural 
films and sheets wherein the resin composition comprises 60 to 95 parts by 
weight of the polyesteramide and 5 to 40 parts by weight of the aliphatic 
polyester and the amount of the hindered amine based light stabilizer being 
30 added to this composition is in the range of 0.03 to 1.0 parts by weight, rela- 

tive to 100 parts by weight of the composition. 
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Agricultural transparent films according to claims 1 1 and/or 12. 

Agricultural films according to claim 14 with a film thickness of 20 to 
200 fim. 

Use of resin compositions according to claims 1 to 5 for multi-layer films and 
sheets wherein the resin composition comprises 60 to 100 parts by weight of 
the polyesteramide resin and 0 to 40 parts by weight of the aliphatic polyester 
resin and the ratio of the hindered phenol based antioxidant (al) and/or phos- 
phite and/or phosphorite ester based antioxidant (a2) is in the range of 0.01 to 
1.0 parts by weight, relative to 100 parts by weight of the resin composition 
and the ratio of the hindered amine based light stabilizer (b) is in the range of 
0.01 to 1.0 parts by weight, relative to 100 parts by weight of the resin com- 
position and the additives blended in a range of 0.5 to SO parts by weight, 
relative to 100 parts by weight of the resin composition. 

Multilayer films and sheets according to claim IS. 

Multilayer films and sheets according to claim 16, characterized that the film 
thickness is in the range of IS to 100 jim. 

Use of resins according to claims 1 to 17 for multilayer films provided with a 
layer (B) composed of 0 to 40% by weight of a polyesteramide resin, com- 
prising an aliphatic ester unit and an aliphatic amide unit, and 60 to 100% by 
weight of an aliphatic polyester resin and on at least one face of a layer (A) 
composed of 50 to 100% by weight of a polyesteramide resin and 0 to 50% 
by weight of an aliphatic polyester resin, whereby the thickness of said layer 
(A) amounts to 50 to 90% of the overall thickness of the film. 

A multilayer film according to claim 18. 
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